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REPORT  BRIEF 
RESULTS  OF 

CONTINUOUS  SYNCHRONOUS  ORBIT  TESTING 
ON 

SEALEO  NICKEL -CADMIUM  CELLS 


Ref:  (a)  NASA  Purchase  Order  S-53742-AG 

(b)  NASA  Work  Sheet  of  Apr  1967 

I.  TEST  ASSIGNMENT  BRIEF 

A In  compliance  with  reference  (a),  this  activity  began  real 
time  synchronous  orbit  testing  on  sealed  nickel-cadmium  cells  on 
18  July  1967.  The  evaluation  followed  the  program  outline  of  reference 

(b). 

B.  The  purpose  of  this  evaluation  is  to  gather  performance 
information  concerning  sealed  nickel -cadmium  cells  operating  under 

a synchronous  orbit  regime.  Such  a regime  simulates  a space  satellite 
maintaining  a position  over  a fixed  point  on  earth  as  the  earth 
rotates  on  its  axis  and  revolves  about  the  sun. 

C.  This  report  is  a continuation  of  NAD  Crane  reports  QE/C  71-183 
and  QEEL/C  73-302  and  also  includes  9,  5-cell  packs  that  have  not 
been  previously  reported. 

II.  SUMMARY  OF  RESULTS 

A.  General 

1.  A temperature  of  40°C  is  very  detrimental  to  nickel-cadmium 
cells  At  this  temperature,  the  measured  capacity  of  new  cells  averaged 
slightly  more  than  half  the  manufacturer's  rated  capacity.  Exposure  to 
sychronous  orbit  testing  at  this  temperature  usually  yields  less  than 

6 years  of  1 ife. 

2.  Performance  at  -20°C  also  presents  the  low  capacity  problem 
encountered  at  40°C.  The  basic  operational  difference  required  is  in  the 
modes  of  trickle  charges.  The  trickle  charge  rate  must  be  fairly  substantial 
(C/20)  for  the  40°C  temperature  (to  maintain  capacity);  but  must  L>e  very  ow 
(C/250)  for  the  -20°C  temperature  or  put  on  open  circuit  in  order  to  keep 
the  cell  voltages  at  an  acceptable  level  and  to  keep  the  pressures  down. 
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3.  The  capacity  check,  performed  at  the  middle  of  each  show 
period,  provides  a temporary  reconditioning  effect  on  the  cells  in  that 
the  end-of-discharge  voltages  are  higher,  for  approximately  7 to  10 
days,  following  the  capacity  check  than  they  were  7 to  10  days  prior  to 
the  capacity  check. 

4.  All  the  test  packs  at  -20°C  and  40°C  have  either  failed  or 
were  discontinued  because  of  low  capacity.  The  failure  mechanism  at  the 
two  temperatures  appears  to  be  completely  different. 

5.  Those  packs  at  test  temperatures  of  0°  and  10°C  have 
delivered  the  best  capacity  during  life.  Packs  tested  at  20°C  showed 
better  life  capability  than  packs  at  -20°C  and  40°C. 

B.  Specific 

1 . GE  6 . 0 ah . 

a.  The  packs  at  0°C  (3)  and  25°C  (1)  have  completed  17  eclipse 
seasons  with  two  cell  failures  in  one  0°C  pack  at  80%  DOD  and  one  cell 
failure  In  the  25°C  pack  at  40%  DOD. 

b.  The  cell  failures  in  the  pack  at  25°C  and  40%  DOD  had 

Its  cell  failure  occur  at  the  beginning  of  Its  16th  eclipse  seaons.  This 
cell  was  allowed  to  remain  on  test  and  did  reverse  for  three  consecutive 
days,  during  the  discharge  period,  until  It  shorted.  The  cell  would 
reverse  tO  -.030  volts  when  it  first  crossed  the  0.0  volt  threshold,  then 
became  less  negative  as  the  discharge  continued.  Its  end-of-charge 
voltage  would  be  approximatley  1.30  volts.  There  were  no  pressure 
problems  during  this  period. 

c.  The  packs  at  40°C  and  -20°C  were  discontinued  following 
eclipse  seasons  11  and  12  respectively,  because  of  low  capacity.  The 
40°C  pack  never  delivered  the  required  40%  depth-of-discharge  throughout 
its  11  eclipse  seasons.  The  -20°C  pack  failed  to  deliver  the  required 
40%  depth-of-discharge  during  eclipse  season  10. 

d.  The  pack  at  0°C  and  80%  DOD  had  a cell  fail,  because 

of  low  voltage  during  the  4th  eclipse  season  and  also  had  one  cell  short 
at  the  beginning  of  Its  11th  period. 

e.  Cadmium-cadmium  coulometers  proved  to  be  effective 
charge  control  devices,  but  they  have  shorter  lifes  then  the  cells 
they  are  tested  with. 

f.  Figure  1 shows  the  capacity  out  for  each  eclipse  season. 
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2.  GE  12.0  ah. 

a.  Those  packs  at  0°  and  20°C  have  completed  14  eclipse 
seasons  without  a cell  failure  although  two  cells  were  removed  due  to 
failure  of  the  weld  between  the  fill  tube  and  cover.  This  failure  was 
attributed  to  mechanical  fatigue  due  to  vibration  and  accidental  jarring 
of  the  transducer  assembly. 

b.  The  packs  at  40°C  and  -20°C  were  discontinued  because  of 
low  capacity,  after  5 and  10  eclipse  seasons  respectively.  These  packs 
failed  to  deliver  the  required  60  and  80%  depth-of-discharge,  respectively, 
during  elipse  seasons  2 and  4. 

c.  The  pack  at  0°C  and  80%  D0D  had  delivered  the  most 
capacity  during  the  capacity  checks,  whereas,  the  pack  at  20°C  and  80% 

DOD  has  delivered  the  least.  All  the  packs  at  0°  and  20°C  have  delivered 
their  required  percent  depth-of-dicharge.  The  0°C  packs  increased  in 
capacity  during  the  first  four  eclipse  seasons. 

d.  As  the  life  of  the  packs  increase,  their  auxiliary 
electrodes,  during  the  sunlight  periods,  appear  to  become  "desensitized" 
to  the  oxygen  produced  during  charge.  This  results  in  high  cell  voltages 
and  pressures  for  2 to  7 days  at  the  beginning  of  each  shadow  period  until 
the  auxiliary  electrodes  regain  their  sensitivity. 

e.  The  trickle  charge  current  was  reduced  from  C/60  to  C/80, 
for  the  0°C  packs,  due  to  high  cell  voltages  and  pressures  during  the 
sunlight  periods. 

f.  Figure  2 shows  the  capacity  out  fo^  each  ellipse  season. 

3.  GE  12.0  ah  (IUE). 

a.  This  pack  has  completed  one  eclipse  season. 

4.  GU  15.0  ah  (ATS  6). 

a.  The  engineering  cells  have  completed  8 eclipse  seasons, 
two  at  GSFC;  and  the  flight  cells  have  completed  four  seasons  with  no 
cell  failures. 

b.  The  flight  cells  have  completed  4 eclipse  seasons. 

During  the  capacity  check,  the  pack's  capacity  nas  decreased  from  19.0  ah 
(seasons  1 and  2)  to  12.4  ah  (season  4).  This  drop  in  capacity  followed 

a test  change  to  where  the  pack  is  now  cycled  during  its  sunlight  periods 
as  opposed  to  floating  at  a voltage  limit. 
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c.  Figure  3 shows  the  capacity  out  for  each  eslipse  season. 

5.  EP  3.0  ah  (SMS  and  GOES  B & C) 

a.  The  first  SMS  pack  completed  the  shadow  portion  of  Its 
first  el  ipse  season  before  its  control  unit  malfunctioned,  which  forced 
discharged  the  cells  to  negative  values.  The  pack  was  then  discontinued. 

b.  The  other  SMS  pack  has  completed  4 eclipse  seasons  and 
its  capacity  has  dropped  from  4.20  ah,  during  Its  first  season,  to 
2.2  ah  during  the  last  season. 

c.  The  GOES  B & C pack  has  completed  one  eclipse  season. 

d.  Figure  3 shows  the  capacity  out  for  each  eclipse  season 

for  the  SMS  pack. 

6.  EP  12.0  ah. 

a.  These  packs  have  completed  9 eclipse  seasons  without  a 
cell  failure  although  one  cell  was  removed  due  to  its  pressure  gauge 
assembly  leaking. 

b.  The  10  and  0°C  packs  increased  in  capacity  for  the 
first  5 and  6 eclipse  seasons  respectively,  whereas,  the  20°C  pack  has 
decreased  in  capacity  each  eclipse  season. 

c.  These  packs  are  recharged  during  the  shadow  periods  by 
charging  to  a pack  voltage  limit.  The  cell  voltages,  in  each  pack,  are 
unbalanced  at  the  end  of  charge. 

d.  These  packs  were  originally  to  float  at  their  voltage 
limits  during  the  sunlight  periods;  but  due  to  cell  unbalance,  the 

pack  temperatures  increased  causing  the  charge  current  to  increase  while 
the  cell  voltages  decreased,  therefore,  the  packs  are  now  placed  on  a 
trickle  charge  during  these  periods. 

e.  Figure  3 shows  the  capacity  out  for  each  eclipse  season. 
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CAPACITY  CHECKS 


V204B  (-20°C) 
O 205A  (0°C) 

A 206A  (0*C) 


Cell  removed  for  analysis  this  capacity  check 
Cell  failed  prior  to  this  capacity  check. 
Temperature  chamber  malfunction. 


207A  (0°C)  A 21 OA  (20°C)  * 
208A  (0°C)  o 21 1A  (40°C)  L 
209A  (20°C)  * 21 2A  (-20°C) 

*-Cell  failed/removed  prior  to  this  capacity  check,  a 


FIGURE  2 
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CAPACITY  CHECKS 


221 A (20°C)  A 226A  (20°C) 

222A  (10°C)  ^ 226B  (20°C) 

223A  (0°C)  o 227B  (20°C) 

*-Cell  failed/removed  prior  to  this  capacity  check 
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Explanation  of  Symbols 


Special  Symbols: 


AE: 
ah: 
AH: 
Amps: 
ATS: 
00D 
ECL 
EOC 
EOD: 
EP: 
6E: 
GOES: 
GSFC: 
GU: 
IUE: 
MANF: 


mv: 

NASA: 

SMS: 

SYNC: 

TEMP: 

V/C: 


Auxiliary  Electrode 
ampere-hour 

Test  Ampere-Hour  Rating 
Amperes 

Applications  Technology  Satellite 

Depth  of  Discharge 

Eclipse 

End-of -Charge 

End-of -Discharge 

Eagle-Picher  Industries,  Joplin,  Missouri 
General  Electric  Company,  Gainesville,  Florida 
Geostationary  Operational  Environmental  Satellite 
Goddard  Space  Flight  Center,  Greenbelt,  Maryland 
Gulton  Industries,  Inc.,  Metuchen,  New  Jersey 
International  Ultraviolet  Explorer 
Manufacturer 
millivolts 

National  Aeronautics  Space  Administration 
Synchronous  Meterological  Satellite 
Synchronous  Orbit 
Ambient  Test  Temperature 
Volts  per  cell 
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o 
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RESULTS  OF 

CONTINUOUS  SYNCHRONOUS  ORBIT  TESTING 
ON 

SEALED  NICKEL-CADMIUM  CELLS 


I.  INTRODUCTION 

A.  The  real  time  synchronous  orbit  tests  were  first  begun  on 
six,  5-cell  packs  on  18  July  1967.  Since  then,  an  additional  sixteen, 
5-cell  packs  have  been  placed  on  tests. 

B.  In  a synchronous  orbit,  the  velocity  of  a satellite  and  its 
distance  from  the  earth  are  adjusted  such  that  one  revolution  of 
the  satellite  matches  one  rotation  of  the  earth.  Such  a satellite 
remains  fixed  over  one  location  on  the  earth.  The  earth's  shadow  cone 
changes  relative  to  the  satellite's  plane  of  orbit.  (See  Figure  4) 

Thus  every  180  days  the  satellite  enters  an  eclipse  season.  This 
season  lasts  approximately  40  days  after  which  the  remaining  140 

days  are  in  continuous  sunlight.  At  the  beginning  of  an  eclipse  season, 
the  satellite  first  moves  through  the  outer  area  of  the  earth's  shadow 
cone.  Each  day  of  the  eclipse  season  it  progresses  through  a different 
section  of  the  shadow  cone  until  it  has  completely  traversed  the  cone 
at  the  end  of  the  season.  The  satellite's  time  within  the  shadow 
cone  thus  varies  from  day  to  day  within  the  eclipse  season  beginning 
with  a minimum,  progressing  to  a maximum,  and  returning  to  a minimum. 

II.  TEST  CONDITIONS 

A.  The  depth  of  discharges  ranged  from  40  to  80  percent  and  ambient 
test  temperature  ranged  form  -20  to  40°C.  Most  of  the  packs  tested 

had  ambient  tempratures  of  either  0,  10  or  20°C.  Ten,  of  the  22  packs, 
contained  auxiliary  electrode  type  cells.  The  cells  were  rated  from 
3.0  to  15.0  ampere-hours.  The  various  charge  methods  used  were 
voltage  limit,  auxiliary  electrode,  constant  current  or  a combination 
of  these. 

B.  To  simulate  the  conditions  experienced  by  the  cells  aboard  a 
synchronous  orbiting  satellite,  the  following  182-day  test  regime  was 
adopted. 


1.  Period  simulating  continuous  sunlight  (140  days): 

a.  During  this  period  the  cells  may  be  charged  at  a 
constant  current  with  or  without  a voltage  limit  or  on  a open-circuit- 
stand.  Some  packs  started  tect  with  a sunlight  period  whereas  others 
did  not. 
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2.  Period  simulating  eclipse  season  (42  days): 

a.  All  cells  were  discharged  for  12  minutes  the  first 
day  of  the  eclipse  season.  The  discharge  time  increased  by  3 to  4 
minutes  per  day  for  18  days  to  a maximum  of  1 hour  and  12  minutes. 
This  maximum  discharge  then  occurs  once  a day  for  8 days  (18th 
through  25th  day  of  eclipse  season)  with  one  exception--a  capacity 
check  was  always  run  during  the  middle  of  each  eclipse  season. 


b.  The  capacity  check  was  run  on  the  21st  day  of  the 
eclipse  season.  The  capacity  check  consisted  of  a constant  current 
discharge  (rate  depending  on  the  depth  of  discharge)  to:  an  average 
voltage  per  cell,  a low  cell  voltage,  or  a combination  of  the  two 

in  which  case  the  first  to  occur  was  considered  the  limiting  factor. 

c.  Follow-ng  the  capacity  check,  the  cells  continued 
the  daily  discharge  of  1 hour  and  12  minutes  through  the  25th  day 
of  the  season.  From  the  26th  day  to  the  end  of  the  season,  the 
discharge  was  shortened  by  3 to  4 minutes  per  day.  The  last  day's 
discharge  was  12  minutes,  the  same  as  the  first  day.  The  cells 
then  returned  to  continuous  charge  (sunlight)  completing  the  180- 
day  cycle. 


d.  Table  I identifies  the  synchronous  packs  and  gives  the 
test  parameters  of  each  pack  as  they  presently  are  or  as  they  were 
when  they  were  discontinued.  Changes  made  during  testing  will  be 
noted  in  the  Test  Results,  Section  V. 

III.  GENERAL  DESCRIPTION 

A.  Cells: 

a.  The  nickel -cadmium  cells  on  test  are  of  one  basic  type, 
they  are  rectangular  with  stainless  steel  containers  and  covers,  both 
terminals  are  insulated  from  the  cover  by  a ceramic  seal  and  protrude 
through  the  cover  as  a solder- type  terminals.  Where  auxiliary  electrodes 
are  present,  the  terminal  is  a stainless  steel  tab  welded  to  the  cell  cover. 
The  separator  material  is  normally  nylon  (pellon).  Any  cells  differing 
from  this  description  are  separately  described  as  they  are  encountered 
in  the  Test  Results,  Section  V 

B.  Charge  Control  Methods: 

a.  As  a continued  effort  to  improve  cells  and  cell  life, 
various  types  of  charge  control  methods  and  devices  are  being  developed. 
Types  of  change  control  used  on  the  various  synchronous  packs  are 
as  follows: 
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(1)  Constant  Current  (CC)  --  pack  is  charged  at  a 
constant  current. 

(2)  Voltage  Limit  (VL)  --  pack  is  charged  at  a constant 
current  to  a average  voltage  per  cell,  then  the  current  tapers  while 
still  maintaining  the  pack  at  the  voltage  limit. 

(3)  Coulometer  (CLM)  --  the  coulometer  Is  a device 
which  measures  the  amount  of  electrical  charge  (coulombs  o*  ampere- 
hours)  passed  through  it.  It  accomplishes  this  by  means  of  an 
electrochemical  reaction  which  is  directly  proportional  to  the 
magnitude  of  the  current  and  the  time  for  which  it  is  passed.  There- 
fore, the  cells  are  constant  current  charged  until  limited  by  their 
coulometer  to  a trickle  charge  or  to  open-circuit. 

(4)  Auxiliary  Electrode  (AE)  — .he  packs  are  constant 
current  charged  until  a preset  (trip)  voltage  is  reached  by  any 
auxiliary  electrode.  The  reaction  of  oxygen  (produced  on  charge)  with 
the  active  material  of  the  auxiliary  electrode  produces  a voltage  in 
direct  proportion  to  the  oxygen  pressure  and,  consequently  the  amount 
of  charge  to  the  auxiliary  electrode.  After  reading  the  trip  voltage 
of  the  auxiliary  electrode,  the  charge  current  is  reduced  to  a trickle 
charge  or  the  pack  may  go  on  open-circuit. 

(5)  Auxiliary  Electrode  and  Voltage  Limit  (AE/VL)  — 
packs  are  constant  current  charged  with  a voltage  limit  until  an  auxiliary 
electrode  voltage  reaches  its  trip  voltage,  then  the  current  may  be 
reduced  to  a trickle  charge  value.  Also,  as  an  example,  it  may  be 
specified  that  the  charge  current  begin  to  taper  downward  when  the 
auxiliary  electrode  reaches  150  millivolts.  It  continues  downward, 

to  a minimum  value,  as  the  electrodes  reach  or  exceed  180  millivolts. 

The  auxiliary  electrode  control  then  is  considered  as  having  a bandwidth 
of  30  millivolts. 

IV.  EXPLANATION  OF  DATA  PRESENTED 

A.  The  test  results  are  shown  graphically  In  Figures  5 through  207. 
The  graphs  pertaining  to  each  synchronous  (Sync)  pack  immediately 
follows  the  discussion  of  that  pack.  Also,  the  Information  from  which 
the  graphs  were  plotted  Is  included  and  follows  that  pack's  graphs. 

1.  The  first  graphs  for  eacn  pack  show  the  precycling  and 
eclipse  season  capacity  checks.  Postcycling  capacity  checks  are 
also  included  when  applicable.  Precycling  and  postcycling  capacity 
checks  were  performed  at  the  eclipse  ambient  test  temperature, 
following  the  same  type  charge  as  the  pack  receives  during  the 
eclipse  season. 

2.  The  other  graphs  show  the  performance  of  the  pack  through 
its  eclipse  seasons. 
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NOTE:  (a)  In  all  the  computer  printouts,  if  two  characters 

share  the  same  location  on  the  page,  only  one  will  be  printed.  Thus 
if  the  auxiliary  electrode  voltage  occupies  the  same  location  as  the 
end  of  discharge  voltage,  on  the  same  day,  only  one  symbol  is  implied 
rather  than  appear  as  a strikeover. 

(b)  The  packs  are  controlled  and  monitored  by  a 
computerized  data  acquisition  system.  The  system  "looks  at"  each 
pack  every  2.4  minutes  and  data  may  be  recorded  at  this  time  or  at 
various  2.4  minute  intervals  depending  on  the  test  requirements.  If 
the  pack  is  being  controlled  on  a auxiliary  electrode  or  coulometer 
trip  voltage  or  is  being  capacity  checked,  it  may  not  trip  out  at  the 
exact  limiting  voltage  since  the  system  only  monitors  and  controls  these 
parameters  in  2.4  minute  intervals. 

3.  Capacity  check  data  listed  under  the  cell  designations 
may  either  be  voltages  or  ampere-hours  out,  for  that  cell,  at  the 
end  of  discharge.  When  a value  is  listed  in  the  ampere-hours  (ah) 
out  column,  for  that  capacity  check,  the  values  for  the  cells  are  end 
of  discharge  voltages.  When  nothing  is  listed  under  the  ah  out 
column,  then  the  cell  values  are  actual  ampere-hours  out  for  that 
cell  at  the  end  of  discharge. 

4.  The  discussion  of  each  pack  will  only  pertain  to  signifi- 
cant changes  or  trends  observed,  cell  failures  and  test  parameter 
changes.  No  attempt  will  be  made  to  expound  on  each  graph  since, 

in  most  cases,  they  are  self-explanatory.  The  eclipse  seasons  will 
be  discussed  first,  then  the  packs  performance  during  the  sunlight 
periods  wi 1 1 fol low. 

5.  Analysis  (visual)  comments  on  cells  which  have  failed  or 
were  discontinued  will  be  at  the  end  of  each  pack's  discussion.  Chemical 
analysis  data  will  be  presented  in  Tables  II  and  III  of  Section  VI. 
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PERCENT 

VOLTAGE 

DISCHARGE 

PACK 

TEMP 

DEPTH  OF 

LIMIT 

CURRENT 

NUMBER 

MANF 

AH 

m 

DISCHARGE 

(v/ci_ 

(AMPS) 

201A 

GE 

6.0 

40 

40 

N/A 

2.00 

202A 

GE 

6.0 

25 

40 

N/A 

2.00 

203A 

GE 

6.0 

0 

40 

N/A 

2.00 

204A 

GE 

r 0 

-20 

40 

N/A 

2.00 

204B 

GE 

o.O 

-20 

40 

N/A 

2.00 

205A 

GE 

6.0 

0 

60 

N/A 

3.00 

206A 

GE 

6.0 

0 

80 

N/A 

4.00 

207A 

GE 

12.0 

0 

60 

N/A 

6.00 

208A 

GE 

12.0 

0 

80 

N/A 

8.00 

209A 

GE 

12.0 

20 

60 

N/A 

6.00 

210A 

GE 

12.0 

20 

80 

N/A 

8.00 

21 1A 

GE 

12.0 

40 

60 

N/A 

6.00 

21 2A 

GE 

12.0 

-20 

80 

N/A 

8.00 

221A 

EP 

12.0 

20 

60 

1.420 

6.00 

222A 

EP 

12.0 

10 

60 

1.457 

6.00 

223A 

EP 

12.0 

0 

60 

1.495 

6.00 

226A 

GU 

15.0 

20 

50 

1.410 

6.25 

226B 

GU 

15.0 

20 

50 

1.410 

6.25 

227A 

EP 

3.0 

20 

60 

N/A 

1 . 50 

227B 

EP 

3.0 

20 

60 

N/A 

1 . 50 

227C 

EP 

3.0 

20 

60 

N/A 

1 . 50 

228A 

GE 

12.0 

20 

80 

1.480 

8.00 

♦--Number  of  calendar  days  as  of  1 November  1976 
**- -Completed  2 at  GSFC 
N/A--Not  Applicable 


CHARGE 

SHADOW 

• 

CURRENT 

PERIODS 

DAYS* 

(AMPS) 

COMPLETED 

RUN 

STATUS 

PROJECT 

.20 

11 

1948 

Discont.  11-19-72 

.20 

17 

3363 

In  Sun  Period  18 

.20 

17 

3363 

In  Sun  Period  18 

.20 

1 

200 

Completed  2-5-68 

.20 

12 

2198 

Discont.  8-28-74 

.30 

17 

3363 

In  Sun  Period  18 

.40 

17 

3363 

In  Sun  Period  18 

1.50 

14 

2742 

In  Sun  Period  14 

ATS  F & 

3.00 

14 

2742 

In  Sun  Period  14 

ATS  F & 

3.00 

14 

2742 

In  Sun  Period  14 

ATS  F & 

3.00 

14 

2742 

In  Sun  Period  14 

ATS  F & 

1.20 

5 

793 

Completed  5-26-71 

ATS  F & 

.60 

11 

1962 

Discont.  8-28-74 

ATS  F & 

1.20 

9 

1931 

In  Sun  Period  9 

1.20 

9 

1931 

In  Sun  Period  9 

1.20 

9 

1931 

In  Sun  Period  9 

1.50 

8** 

1266 

Tn  Sun  Period  8 

ATS  6 

1.50 

4 

904 

In  Sun  Period  5 

ATS  6 

.15 

1 

59 

Discont.  2-6-74 

SMS 

.15 

4 

876 

In  Sun  Period  5 

SMS 

.15 

1 

194 

In  Sun  Period  1 

GOES  B 

1.20 

1 

191 

In  Sun  Period  1 

IUE 
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TEST  RESULTS 

A.  EP  3.0  ah  (SMS  and  GOES  B & C) 

1.  Pack  22 7A,  5-cells,  (SMS) 
a.  Cell  information: 

(1)  The  cells  were  purchased  by  Philco-Ford  under  Contract 
NAS-5- 71 575  for  NASA,  GSFC.  The  cells  were  identified  with  the  manufactures 
serial  numbers  and  were  from  EP  lot  #4.  The  cells  were  fitted  with  pressure 
transducers  prior  to  testing.  Initial  evaluation  test  results  and  detailed 
cell  de  'riptions  are  contained  in  the  NAD  Crane  Report  QEEL/C  73-380  of 
29  Octoi"  ' 1973. 


b.  Parameters: 


Depth  of  Discharge  (°0 

60 

Discharge  Current  (amps) 

1.5 

Charge  Control 

CC 

Temperature  (°C) 

20 

Charge  Current  (amps) 

.15 

Float  Current  (amps) 

.075 

c.  Capacity  Checks:  (Discharge  to  .75  volts  any  cell) 


Cell 

1 

Cell 

2 

Cell 

3 

Cell 

4 

Cell 

5 

ah 

out 

Precyclinq  (Figure  5) 

3.73 

3.76 

3.75 

3.78 

3.83 

Shadow  1 (Figure  6) 

.593 

.681 

.476 

.746 

.645 

3.76 

Postcycl ing 

3.50 

3.80 

3.78 

4.20 

4.10 

d.  Test  results  during  Eclipse  Season  (Figures  7 and  8). 

(1)  End  of  Discharge  Voltages:  The  effects  of  the  capacity 

check  at  midpoint  are  noticeable  in  that  the  EOD  voltages  of  the  cells 
increased  by  .015  volts  the  day  following  the  capacity  check. 

(2)  Pressure  at  End  of  Discharge  and  Charge:  The  pressure 

range  at  the  beginning  of  the  eclipse  period  was  30  (cell  5)  to  66  PSIA 
(cell  1)  and  the  range  at  the  end  was  23  (cell  5)  to  58  PSIA  (cell  3). 

The  pressures  decreased  8 to  12  PSIA  during  the  discharge  in  the  midpoint 
of  the  period,  and  12  to  16  PSIA  during  the  capacity  check. 

e.  Performance  during  Sun  Period:  Following  the  shadow  period, 

the  pack  was  placed  in  its  first  sun  period  at  a float  current  of  .75  amperes. 
After  9 days  of  float  the  pack's  control  unit  malfunctioned  which  forced 
discharged  the  cells  to  negative  values.  The  pressures  exceeded  300  PSIA 

and  the  cell  cases  were  extremely  distorted.  The  pack  was  discontinued 
following  postcycling  tests  and  was  stored  at  NAVWPNSUPPCEN  Crane. 


7 


* . f 

• mIjh  Cci-t 

♦ L0«  C5UI 

* A^f’AoE 


UvU. 

P«K»ClIi 
YCLf  NJ* 


•OH^tn  li  iil* 
MG 


c 

A 

P 

A 

C 

1 

T 

y 

C 

E 

L 

L 

V 

o 

L 

T 

A 

G 

E 

S 

C 

A 

L 

E 


t 


«auareris 


is  1.5 


3. 


.23  .36  1.51  2.53  3.27  . 

.25  .90  1.57  3.01  3.34 


3.40  3.52  3.65  3 

3.46  3.59  5.71 


.73 


A'lPtPE  HDU*  OUT 


MQEC/C  77-134 


1.60 

1.57 

.5- 

.51 

1.66 

1.45 

1.42 

1.40 

1.37 

1.3*. 

1.31 

1.26 

*2fl 

1.19 
1.16 
1.13 
1.1? 
1 .97 
1 .04 
1 .61 
.99 
.96 
.93 
.90 
.67 

.84 

.81 

:4i 

.72 
.69 
.66 
.63 
.61 
.58 
.55 
.52 
.49 
.46 
.43 
..3 
.37 
. 3. 


►***••• 

•••! 

♦ • 

♦ « 


Fir. WE  5 
8 


8 


c 


KEY 

Hl^M  CELL 

LC’*  cell 

AVtMAbL 


Sfa0IW6WS?J'{ 

i.i 


• 06  , • 

.2* 


c 

A 

P 

A 

C 

1 

T 

Y 


C 

E 

L 

L 


V 

o 

L 

T 

A 

0 

E 


S 

C 

A 

L 

E 


TIME  IK  MINUTES 
CELLS  INCLUDED  VI  Vi  V3  V4  VS 


WQEC/C  77-134 

AMPERE  HOUR  OUT 


FIGURE  6 


9 


At» 

» HIGH 

♦ 

• LOW 

• HIGH 


£3  f 


EMU 

EMU 

EMO 

oc 

6E 


uis^ASG^ 


DISCHARGE  volt 


VOLTAGE 
VOLTAGE 
A3E 


SYNCHRONOUS  u«6IT  ShAOOw  PLOT 


SCALE l 
VOLT  — 
1.S00  - 


SHADOA-1 


1.467  - 


-•  • • 

-A  » X •» 

1.434  -YXAX  XXXVXX*  • ■ ■ 

- TYXVYV  yyxxx  ■ ■ ■ X 

- YYYXXXXXX»XXXXYXXXXl 

- Y X YY  YYYYJ 

1.402  - 


1.369  - 


1.336 


PACK  * 22  7A 

SHArOw-  SHAOOo- 


1 

1 

. 

: 

i 

l 


! 

i 

i 

i 


OtPTn  OISCHAkGE 

2i 

project  sms 


60 


UQEC/C  77-134 


SERIAL  361.364.369.379.383 

eagle  richer  cells 


1.303 

1.270 

1.238 

1.205 

1.172 

1.139 

1.100 


• .♦ 

.»•  .... 


18 


*29  39 


49 


! 


i 

i 


I 


0 

OATS 


FI6URE  7 
10 


Ktr 

• AHO 

♦ Aril -TOTAL 


SYNCHRONOUS  SB  IT  ShAJO* 


fcSHWi 

3.5*i  - 


1. 

1 
1 
1 

♦ ♦ » 

♦ ♦ 

i 

««»«i 

► 

t 

i 

I 


Pack  S 227a 
SSA.JO*- 


3.21  - 


2.93  - .♦  ♦♦ 


2.6*. 


2.3S  - 


2.07  - 


1.78  - 


a* 

• * *• 
•••  a. 


1.A9  - 


1.20  - 

• i 

— . 

.92  I • 


.63  -* 


.36 


.00 


“a  1 

i 

a l 


18 


22% 


39 


69 


0 

JAYS 


PLOT 


o 


*|5B,HHS“SI  60 
«S5SK.,AISs  J 

SERIAL  361.366,369,379.383 

eagle  pi cher  cells 


MQEC/C  77-134 


SHACO*- 


FIGURE  8 
11 


ii  1/13/76 

W5  Cl 


CFl  L-y 


|3*8  yc 
,3*h  y£ 
336  v2 
321  > 2 
:?92  y2 
,289  W2 
,285  .2 
,281  y2 
,271  .2 

:B»  3$ 

,2**.  5? 

,2*1  y2 
,23d  y2 
.237  „2 

:I|2  5| 

,229  y2 
27-  .? 

$1  ;1 

:!§?  3! 

: B 3! 

i SO  yZ 

lift  33 

, It*  w 2 
,157  ,2 

# « 

;*»  sj 

,7)60  y2 
, 9*o  v2 
,070  y? 

,951  v2 
,956  v2 

:{??  if 

,7*3  j2 


F*2*  nU.’tbFl  10  22  1- 
:ell-v  CELL-V  CELL-V 

l:tf*  il  ls»  3*  i :5U 

l.3*P  V3  1.3*9  V*  1.3*5 

1.3**  .3  1.3*5  V*  1.3*1 

1.339  *3  1.339  V*  1.335 

1.32?  /3  1.322  V*  1.31S 

1.793  y3  1.293  v*  1.290 

l.29«"  v3  1.290  y*  1.287 

1 .26  7 y3  1.297  y*  1.2d* 

i:??!  il  l:!n i:f« 

!:«?  :i  l:|l{ t:B* 

1.2*E  . 3 1.2*5  y*  1.2** 

1.2*2  y3  1.2*2  y*  1.2*0 

1 . 2 ’9  y 3 1.239  y*  1.237 

1.233  y 3 1.238  y*  l.*37 

1.235  v|  1.235  V*  1.233 

1.23*  v3  1.23*  y*  1.231 

1.231  tf 3 1.231  y*  1.228 

1.226  v3  1.226  V*  1.223 

1.221  .3  1.221  V*  1.217 

1 ,2lK  v3  1.215  v*  1.210 

1.794  ,3  1.206  V*  1.198 

1.703  y3  1.203  v*  1.19* 

1.191  23  1.190  v*  1.175 

1.185  y 3 1.188  y*  1.172 

1.187  y3  1.186  V*  1.170 

1.165  .3  1.18*  V*  1.165 

1.175  .3  1.178  V*  1.157 

1.175  y|  i;i75  V*  1.152 

1.170  v3  1.170  y*  1.1*6 

1.I5C  y3  1.160  V*  1.13* 

3.152  y3  I. 153  V*  1.126 

..1*7  V3  1.1*7  y*  1.121 

*.137  v3  1.137  v*  1.111 

1.12*  V 3 1.126  V*  1.101 

1.121  v3  1.118  V*  1.09* 

l 159  y J 1.1 0*  y*  1.083 

1.088  y* 

1.078  y* 

1.058  y* 

1.031  V* 

5 

.818  y* 


1.109  y3 
1.095  y3 
1.087  .3 
1.072  y| 

i lole  v3 

l:§2? 

.916  v 3 


PRECYCLIHG 

U 

W 1 Cli  1 y, 

>• 

> 

1 

-9 

-J 

u. 

CELL— V 

CELL-V 

CELL-V 

AVE-V 

1:511 

:88§ 

.000 

.000 

.000 

.000 

l.*2* 

1.376 

1.3*6 

.000 

.000 

. 000 

1.3*7 

1.3*2 

.002 

.009 

.000 

1.3*3 

1.337 

.00'" 

.000 

.000 

1.336 

1 1 320 

.00- 

• 309 

.000 

1.321 

1 1 292 

.005 

.000 

.000 

1.292 

l .269 

.00' 

. oor 

.000 

1.289 

i:S8? 

.00- 

.000 

.000 

1.286 

.oor 

. 300 

.000 

1.281 

1.2J2 

.003 

.300 

.000 

1.272 

.003 

!E-.  , ic 

.000 

t :iU 

.300 

1.2*6 

.oc- 

.000 

.003 

1.2*5 

1.2*2 

.oo- 

.000 

1.2*1 

1.2*0 

.000 

,j"  JKrA  j 

• OOG 

1.239 

1.239 

.00' 

.000 

1.238 

1.235 

,oor 

.000 

.000 

um 

1.235 

.000 

.000 

.000 

1.231 

.oor 

.000 

.000 

1.230 

1.227 

.om 

.000 

.000 

1.225 

l:m 

.00- 

.003 

.000 

.000 

.000 

.000 

llfiJ 

1I205 

.OOr 

.JOG 

.000 

1.20* 

U202 

loor 

.000 

.033 

1.200 

1 1 108 

.oor 

.000 

.000 

1.186 

1.186 

.oor 

:888 

.000 

1.183 

1.18* 

.00c 

.090 

1.161 

1.181 

j&gt,  H 

.000 

lit?! 

1*17* 

;ooo 

C<n"y] 

looo 

1.170 

1 00' 

.000 

.000 

1.167 

lll65 

.000 

.003 

1.162 

1.155 

.009 

1.151 

l:|a 

1.137 

.OOC 

:888 

•ii 

1.1*3 

!:!?? 

1.130 

1 000 

.OOC 

•22®- 

iiils 

J.126 

l.llfi 

.00c 
I oor 

.000 

.000 

looo 

lino 

.009 

.000 

.000 

1.086 

U096 

1.087 

.000 

.000 

1.075 

:8o- 

:888 

looo 

i.ose 

1.036 

1.080 

.000 

.000 

1.017 

i:8Z* 

_ -jEy  -.1 

looo 

-Ml 

1.015 

.oor 

.000 

.000 

.6*8 

►~1.L  l-» 


hIGh-v 


{.*25 

1.378 

1.3*9 

1.3*5 

1.339 

1.322 

1.299 

1.290 

1.287 

i:lll 

1:32* 

1.2*6 

1.2*2 

1.2*0 

1.299 


M?5 

1.23* 


t:8& 


LO 


1.015 


OAT t C»1  RUN  is  08/27/ /6 


PACK  NUMBER  IS  22 7 A 


SH4CC*  PERIOD  IS  l 


Tl*t 

AMPS 

CELL-*’ 

CELL-V 

LtL<--V 

CtLL-V 

CELL-V 

20*0. 

.060 

V 

1 • 32  T 

V2 

1.328 

V3 

1.326 

V* 

1.326 

V5 

.32* 

20*2. 

.120 

V 

1.31’ 

vl 

1.316 

V3 

1.312 

V* 

1.312 

V 5 

• 313 

2C65. 

.180 

V 

1.307 

V2 

1.303 

V3 

1.302 

V6 

1.302 

V5 

.303 

20*/. 

.260 

« 

1.296 

V2 

1.295 

V 3 

1.296 

V6 

1.296 

v5 

.296 

205w. 

.300 

V 

1.2  8* 

V2 

1.289 

V3 

l.*B8 

V* 

1 • 288 

V5 

.289 

2052. 

.360 

V 

1.29’ 

V2 

1.28* 

V 3 

1.283 

V6 

1 . 2b2 

V5 

• 286 

205** . 

.620 

V 

1.27* 

v2 

1.279 

V3 

1.279 

V6 

1.278 

V5 

.280 

2057. 

.680 

V 

1.27* 

V2 

1.276 

V 3 

1.275 

V* 

1.276 

V5 

.276 

2059. 

.560 

vl 

1.271 

V2 

1.272 

V3 

1.271 

V6 

1.270 

V5 

.272 

2102. 

.600 

vl 

1.26" 

V2 

1.269 

V3 

1.268 

V6 

1.267 

V5 

.269 

210*. 

.660 

vl 

1.26* 

V2 

1.266 

V3 

1.265 

V 6 

1.263 

V5 

.266 

2106. 

.720 

vl 

1.267 

V2 

1.262 

V3 

1.261 

V6 

1.260 

V5 

.262 

2109. 

.780 

vl 

1.25* 

V2 

1.259 

V 3 

1.258 

V6 

1.256 

V5 

• 25? 

2111. 

.860 

vl 

1.25* 

V2 

1.256 

V 3 

1 .255 

V6 

1.253 

V5 

• 256 

211*. 

.900 

vl 

1.257 

V2 

1.253 

V3 

1.252 

V6 

1.250 

V5 

.252 

2116. 

.960 

Vl 

1.26° 

V2 

1.250 

V3 

1.268 

V6 

1.266 

V5 

.269 

2118. 

.020 

vl 

1.26* 

V2 

1.266 

V3 

1.265 

V 6 

1.263 

V5 

• 266 

2121. 

.080 

vl 

1.267 

V2 

1.263 

V3 

1.2*1 

V6 

1.239 

V5 

.262 

2123. 

.160 

vl 

1.23" 

V2 

1.239 

V3 

1.238 

V6 

1.236 

V5 

1.239 

2126. 

.190 

Vl 

1.23* 

V2 

1.236 

V 3 

1.236 

V* 

1.232 

V5 

1.235 

2128. 

.250 

vl 

1.231 

V2 

1.232 

V3 

1.23C 

V 6 

1.228 

V5 

.231 

2 1 30. 

.310 

Vl 

1.227 

V2 

1.226 

V3 

1.226 

V6 

1.226 

V5 

.227 

2133. 

.370 

Vl 

1.22’ 

V2 

1.226 

V3 

1.222 

V6 

1.220 

V5 

.223 

2135. 

l .630 

Vl 

1.21* 

V2 

1.220 

V3 

1.218 

V* 

1.215 

V5 

.219 

2138. 

1.690 

V 

1.21* 

V2 

1.215 

V3 

1.216 

V6 

1.211 

V5 

1.215 

2160. 

.550 

V 

1.211 

V2 

1.211 

V 3 

1.209 

V6 

1.207 

V5 

• 21 1 

2162. 

.610 

V 

1.207 

V2 

1.208 

V3 

1.206 

V6 

1.203 

V5 

1.208 

2165. 

1.670 

V 

1.20’ 

V2 

1.206 

V3 

1.202 

V6 

1.199 

V5 

.206 

2167. 

.730 

V 

1.200 

V2 

1.201 

V3 

1.199 

V6 

1.196 

V5 

1.201 

2150. 

.790 

V 

1.19* 

V2 

1.198 

V3 

1.196 

V6 

1.193 

V5 

.199 

2152. 

.860 

V 

1.19* 

V2 

1.196 

V3 

1.196 

V6 

1.191 

V5 

.196 

2156. 

.900 

V 

1.19* 

v2 

1.195 

V3 

1.192 

V6 

1.190 

V5 

1.195 

2157. 

1.960 

V 

1.197 

V2 

1.193 

V3 

1.191 

V6 

1.18b 

V5 

1.193 

2159. 

’.020 

V 

1.191 

V2 

1.192 

V3 

1.169 

V6 

1.18/ 

V5 

1.192 

2202.  2.080 

V 

1.19° 

V2 

1.191 

V3 

1.188 

V6 

1.185 

V5 

1.191 

2206.  2.160 

V 

1.18" 

V2 

1.190 

V3 

1.187 

V6 

1.18* 

V5 

1.190 

2206.  2.200 

V 

1.187 

V2 

1.188 

V3 

1.186 

V6 

1.182 

V5 

1.  188 

2209.  2.260 

V 

1.18* 

V2 

1.187 

V3 

1 - lg*; 

V6 

1.181 

V5 

1.187 

22ll!  2.320 

V 

1.18* 

V2 

1.185 

V3 

1.183 

V6 

1.179 

V5 

1.  185 

2? 16.  2.380 

V 

1.18’ 

V2 

1.186 

V3 

1.181 

V6 

1.177 

V5 

1.  186 

2216. 

1.660 

V 

1.181 

V2 

1.182 

V3 

1.179 

V6 

1.176 

V5 

1.182 

2218. 

[.500 

V 

1.18" 

Vl 

1.161 

V3 

1.178 

V6 

1.176 

V5 

.181 

272  1 1 

1.560 

V 

1.17- 

V2 

1.179 

V3 

1.176 

V* 

1.172 

V5 

1.179 

2223.  2.620 

V 

1.17* 

V2 

1.177 

V3 

1.176 

V6 

1.170 

V5 

1.177 

2226.  2.680 

V 

. 1.17* 

V2 

1.176 

V3 

1.172 

V6 

1.168 

V5 

.176 

22281  2.760 

V 

1.17> 

v2 

1.176 

V3 

1.170 

V6 

1.166 

V5 

.176 

2230.  2.800 

V 

1.17" 

V2 

1.172 

V3 

1.168 

V6 

1.166 

V5 

.172 

2233.  2.860 

V 

1.16" 

V2 

1.170 

V3 

1.166 

V6 

1.162 

V5 

1.170 

2235.  2.920 

V 

1.16* 

V2 

1.168 

V3 

1.166 

V6 

1.159 

V5 

..168 

2738.  2 .980 

V 

l 1.16* 

V2 

1.166 

V3 

1.161 

V6 

1.156 

V5 

..166 

2260. 

1.060 

V 

1.167 

V2 

1.163 

V3 

1.159 

V* 

1.153 

V5 

.166 

2262. 

1.100 

V 

1.15" 

V2 

1.161 

V 3 

1.156 

V6 

1.150 

V5 

. . 1 62 

2265. 

1.160 

V 

1.15* 

V2 

1.158 

V3 

1.153 

V6 

1.166 

V5 

1.159 

CELL-V  CFLL-V 


CYCLE  IS 


?a. 


MQEC/C  77-134 
paGF  IS 


CELL-V 

AVt-V 

M1G44-V 

• 000 

1.327 

1.378 

.000 

1.313 

1.316 

.000 

1.302 

1.303 

.000 

1.295 

1.796 

.000 

1.4 

IhB 

1 .789 

.000 

1.1 

’83 

1 .786 

.000 

1.279 

I .780 

.000 

1.275 

1.776 

.ooo 

1.271 

1.77? 

.000 

1.268 

1.769 

.000 

1.265 

1 .766 

.ooo 

1.261 

1 .76? 

.000 

1.258 

1.759 

.000 

1.255 

1.756 

.000 

1.252 

1.753 

.000 

1.268 

1 .750 

.000 

1.265 

1.7*6 

.000 

1.261 

1.763 

.000 

1.238 

1.739 

.000 

1.236 

1.736 

.000 

1.230 

1 .737 

.000 

1.226 

1.778 

.000 

1.222 

1.776 

.000 

1.218 

1 .770 

.000 

1.216 

1.715 

.000 

1.210 

1 .711 

.ooo 

1.206 

1 .708 

.000 

1.20? 

1.706 

.000 

1.199 

1.701 

.000 

1.197 

1.199 

.000 

1.1 

196 

1.196 

.000 

1.1 

193 

1.195 

.ooo 

1. 

191 

1.193 

.000 

1. 

190 

1.192 

.000 

1. 

189 

1.191 

.000 

1. 

L 88 

1.190 

.000 

1.  l«6 

1.188 

.000 

1.185 

1.187 

•ooo 

1. 

183 

1.185 

.ooo 

1. 

182 

1.186 

.000 

1.180 

1.18? 

.000 

.000 

{:{?? 

1.181 

1.179 

.000 

1.175 

1.177 

.000 

1.173 

1.176 

.000 

1.171 

1.176 

.000 

1.169 

1.172 

.000 

1.167 

1.170 

.000 

1.165 

1.168 

.000 

1.163 

1.1*6 

.000 

1.160 

1.166 

.000 

1.158 

1.1*7 

.000 

1.156 

LO--V 


1.29* 

1.78b 


date  of 

TI*E 

22  AT. 
2250. 
2252. 
225*. 
225*. 
2259. 

2 302. 

230*. 

2306. 

2309. 


RUN  IS  08/27/76 

AMPS  CELL-" 


PACK  NUMbER  IS  227A 


3.220 
3.280 
3.3*0 
3.  *OJJ 
3.  *6° 
3.520 
3.580 
3.6*0 
3.700 
3.760 


CELL-V 


1.15*  V2 
1.1*°  V2 
1.1**  V2 
1.13*  V2 
1.127  v2 
1.09*  V2 
1.05*  V2 
1.00*  V2 
.e7*  V2 
.59*  V2 


1.155  V3 
1.151  V3 
1.1*7  V3 
1.139  V3 
1.127  V3 
1.101  V3 
1.067  V3 
1.926  V3 
.939  V3 
.681  V3 


CELL-V 

1.1*9  V* 
l.i**  V* 
1.136  V* 
1.123  V* 
1.095  V* 
1.059  V* 
1.013  V* 
.696  V* 
.679  V* 
.*75  V* 


CtLL-V 


SHACOn  PERIOD  IS 


CYCLE  IS 


CELL-V 


1.1*1  V5 
1.13*  V5 
1.125  V* 
1.112  V5 
1.093  V5 
1.07U  VS 
1.0*5  VS 
1.01*  V5 
.9*6  VS 
.7*5  V5 


60EC/L  //-i3* 
PAGE  IS 


CELL-V 

CFLL-V 

CELL-V 

AVE-V 

HIGH-V 

.000 

.000 

.000 

1.151 

1.156 

.000 

.000 

.000 

1.1*6 

1.163 

.000 

.000 

.000 

1.1*0 

1.1*6 

.000 

.000 

.000 

1.131 

1.1*3 

.000 

.000 

.000 

1.11* 

1.132 

.000 

.000 

.ooo 

1.0R6 

1.109 

.ooL 

• O00 

.000 

1.0*9 

1.067 

.000 

• oOO 

.000 

.990 

1 .026 

.000 

.000 

.000 

.866 

.9*6 

.000 

.000 

.000 

.628 

.7*5 

UATE  01- 
HACK 


776 


1.50000 

3.50000 


HlTiH-CrtAR 
{.‘47 

1 


"f:sss’ 


1.429 

1.42a 

1.424 

1.421 

::  I 


t.. 

.19520 
.36000 


150. 

38. 


l.42*i 

hill 

ll*2<. 

l,*24 

<,00fl0 

<,0000 


1.420 
1 .422 

list? 

1.417 

1.416 


360 


huz 

? P90 


WQEC/C  77-134 


£■£«.</<--  e'  / - 0*2 


O 

2 

o 

5 


2 

o 

w 

00 


15 


HQ  EC / C 77-134 


2.  Pack  227B,  5-cells  (SMS) 
a.  Cell  information: 

(1)  The  cells  were  manufactured  under  NASA  prime 
contract  NAS-5-21575,  to  Philco-Fords'  specification  number  SP-212064C. 
These  cells  were  identified  with  the  manufacturers  serial  numbers  and 
were  from  EP  lot  #6.  The  cells  were  previously  tested  at  GSFC  for 
165  cycles  (60  or  100%  DOD,  and  a temperature  range  of  0 to  35°C)  as  per 
TP  761.2-73-03.  Other  cells  from  this  cell  lot  are  in  Philco-Ford  Battery 
S/N's  1005  and  1006.  The  cells  were  fitted  with  pressure  transducers 
prior  to  testing. 


b.  Parameters: 


Depth  of  Discharge  (%) 
Charge  Control 

60 

CC 

Discharge  Current 
Temperature  (°C) 

(amps)  1.5 
20 

Charge  Current  (amps) 

1.5 

Float  Current  (amps) 

.075 

c.  Capacity  Checks: 

(Discharge  to 

.75  volts 

any 

cel  1 ) 

Cell 

Cell 

Cell 

Cell 

Cell 

ah 

1 

2 

3 

4 

5 

out 

Preshadow  (Figure  9)* 

1.050 

.848 

.982 

1.162 

.961 

3.98 

Shadow  1 

.679 

.414 

.605 

.441 

.581 

4.20 

Shadow  2 (Figure  10) 

.767 

.590 

.789 

.474 

.632 

4.06 

Shadow  3 (Figure  11 ) 

.852 

.684 

.819 

.573 

.441 

3.65 

Shadow  4 (Figure  12) 

1.068 

.924 

1.018 

1.168 

.445 

2.18 

♦Preshadow- -capacity  check  (5.0  volts/pack)  followed  14  life  cycles  at 
25°C  and  60%  DOD. 

d.  Test  results  during  Eclipse  Seasons:  (Figures  13  and  14) 

(1)  End  of  Discharge  Voltages:  There  has  been  a decline  in 

the  E0D  voltages,  following  shadow  2,  due  to  cell  5.  The  high  E0D  voltages, 
before  the  capacity  check,  have  declined  from  1.215  volts  (shadow  1)  to 
1.183  volts  (shadow  4).  The  reconditioning  effect,  on  the  high  E0D  voltages, 
following  the  capacity  check,  have  also  declined  from  1.249  volts  to  1.202 
volts  for  shadows  1 and  4 respectively. 
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(2)  End  of  Charge  Voltages:  The  average  EOC  voltages  have 

decreased  from  1.423  volts,  during  shadow  1 (middle  of  period)  to  1.404 
during  shadows  3 and  4. 

(3)  Pressures  at  end  of  Discharge  and  Charge:  There  has 

been  no  change  in  the  cyclic  pressure  trend  throughout  the  eclipse 
seasons.  The  end  of  charge  pressures,  for  the  5 cells,  ranged  from  0 to 
15  PSIA  and  the  end  of  discharge  pressures  ranged  from  1 to  2 PSIA  less 
than  those  at  the  end  of  charge. 
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I 

e.  Performance  during  sun  period:  This  pack  has  completed  5 periods,  in  which  it  had 

an  abreviated  initial  period  (2  months),  prior  to  the  start  of  its  first  shadow  period.  Following 
is  a listing  of  the  high,  average,  and  low  cell  voltages  at  the  start  and  end  of  each  sun  period.  The 
pressure  range,  for  the  five  cells,  was  0-15  PSIA  during  these  periods. 


Sun  Periods  | 

J 

1 2 3 l 4 5 


Voltages** 

Start 

End 

Start 

End 

Start 

End 

Start 

End 

Start 

End 

High 

1.438(1) 

1.416(2) 

1.400(1,5) 

1.389(2) 

1.396(1,3) 

1. 372(2) 

1.298(1,4) 

1.388(1) 

1.395(1) 

1.395(2) 

Average 

1.431 

1.403 

1.397 

1.367 

1.394 

1 .1354 

1.391 

1.378 

1.361 

1.391 

Low 

1.409(4) 

1.368(4) 

1.392(4) 

1.329(4) 

1.392(4,5) 

j 

1 J31 1(4) 

1.384(5) 

1.365(4) 

1.321(2) 

1.386(4) 

— ()  indicates  which  cell 
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3.  Pack  227C,  5-cells  (GOES  B & C) 
a.  Cell  information: 

(1)  The  cells  were  manufactured  to  Aeronutionic-Ford's 
"Nickel-Cadmium  Battery  Cell  (3.0  ampere-hour)  Procurement  Specification", 

No.  SP-212064C  Amendment  1,  Addendum  SE-237904A.  These  cells  were  from  EP 
lots  #10  and  #12.  Cells  from  these  lots  are  intended  for  use  in  GOES  B & C 
batteries  (S/N  1013,  1014,  1015,  1016  and  1017),  manfactured  by  Aeronutionic- 
Ford  Corporation.  The  cells  were  tested  at  Aeronutionic-Ford  in  accordance 
with  "Battery  Cell  Screening  Procedure",  SC-21 37281 B , Addendum  SC-237903, 
Amendment  1.  The  purpose  of  this  test  is  to  verify  the  performance  and 
life  of  these  cell  lots  and  to  provide  cell  characteristic  data  wnich 
will  assist  in  establishing  procedures  for  operation  of  the  batteries  in 
orbit 


b.  Parameters: 


Depth  of  Discharge  [%) 
Charge  Control 
Charge  Current  (amps) 

60 

CC 

.15 

Discharge  Current  (amps) 
Temperature  (°C) 

Float  Current  (amps) 

1.5 

20 

.085 

c.  Capacity  Checks:  (Discharge 

ti 1 1 any  cel  1 

reaches 

.75 

Cell  Cell 
1 1 

Cell 

3 

Cell  Cell 
4 i 

ah 

out 

Precycling*  (Figure  15) 

1.012  .996 

.923 

.871  .875 

4.23 

Shudow  1 (Figure  16) 

.420 

4.17 

* --  Discharge  to  5.0  volts  pack  voltage 

Cells  scheduled  for  capacity  checks: 

Shadow 

1 

2 

3 

4 

Cells 

1 

1,2 

1 

1,2,3 

5 repeat  sequence 

d.  Test  results  during  the  Eclipse  Season  (Figures  17  and  18) 


(1)  End  of  Discharge  Voltages:  The  end  of  discharge 

voltage,  of  cell  1,  increased  on  the  second  cycle  after  its  capacity 
test  which  shows  the  effect  of  the  capacity  discharge.  The  discharge 
values  decreased  on  the  cycle  following  the  capacity  check  since  the 
test  sequence  did  not  allow  cell  1 to  become  fully  charged  (3.18  ah^n) 
and  the  other  cells  were  on  open  circuit  for  24  hours  while  cell  1 
was  being  capacity  checked. 
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C e.  Performance  during  Sun  Period:  Pack  began  test  with 

an  eclipse  season  and  has  completed  one  sun  period.  Following  is  a 
listing  of  the  high,  average,  and  low  cell  voltages  at  the  start  and  end 
of  this  period. 


Sun  Period 

Voltages** 

Start 

End 

High 

1.397(4) 

1.404(1) 

Average 

1.394 

1.401 

Low 

1.390(1) 

1.396(4) 

**  ()  indicates  which  cell. 
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KEY 

. hIOH  CELL 

♦ LO«  CELL 

* AVt-AOt 


^^oS°pgs?o45.i27^ 

CYCLE  NUNofc*  IS  36 

GISCHAk&fc  k»Ti  IS  1.5 


C 

A 

P 

A 

C 

I 

T 

V 

c 

E 

L 

L 

V 
0 
L 
T 
A 
6 
E 

S 

C 

A 

L 

E 


.05  , .09 
.02  .33 

.03  .56 


a;  1.31  2.06  2. 71  3.1*  3.73  *.I7 

U?:75U?!792*!!532*n0I3*!t5O3iiw 


1.30 
1.57 
1.5* 
1.51 
l.*8 

l:tl 

1*37 
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B.  GE  6.0  ah 

1.  Pack  201A,  5-cells 

a.  Cell  information: 

(1)  The  cells  were  purchased,  and  provided  for  test,  by 
NASA,  GSFC  for  the  purpose  of  establishing  the  life  capabilities  of 
sealed  nickel-cadmium  cells  for  communication  satellites  in  a synchronous 
orbit.  These  cells  began  test  on  18  July  1967.  The  manufacturer's  catalog 
number  is  42B006AB06.  Acceptance  test  results  and  detailed  cell  descriptions 
are  contained  in  the  NAD  Crane  Report  QE/C  67-387  of  28  June  1967.  The 
results  of  the  first  6 eclipse  seasons  were  reported  in  the  NAD  C^ane 
Report  QE/C  70-634  of  14  August  1970,  and  seasons  7 through  10  were 
reported  in  the  NAD  Crane  Report  QEEL/C  73-302  of  15  October  1973.  It  is 
noted  that  these  cells  are  indicative  of  cell  design  and  manufacturing 
practices  used  prior  to  1970.  Discussions  with  the  manufacturer  indicate 
several  significant  differences  in  plate  design,  interelectrode  spacing  as 
well  as  processing  techniques  as  compared  with  cells  made  since  1970. 

b.  Parameters: 

Depth  of  Discharge  (“-)  40  Discharge  Current  (amps)  2.0 

Charge  Control  CC  Temperature  (°C)  40 

Charge  Current  (amps)  .20  Float  Current  (amps)  .20 

c.  Capacity  Checks:  (Discharge  to  .50  volts  any  cell  or  to  an 

average  voltage  of  1.00  volts  per  cell,  whichever  occurs  first.) 

ah* 

out 

Shadow  11  3.70 

Postcycling  3.47 

*--Discharge  to  0.0  volts 


d.  Test  results  during  Eclipse  Season  (Figures  19  to  21). 

(1)  Cells  1,  2 and  3 failed  (0.0  volts  during  discharge), 
and  were  discontinued  prior  to  eclipse  season  11s'  capacity  check.  Cell 
5 was  removed  prior  to  the  start  of  season  8 for  analysis.  The  pack 
(cell  4)  was  discontinued  following  shadow  11. 


* ...  . (2)  End  of  Discharge  Voltages:  The  increase  in  the  low 

end  of  discharge  voltages,  at  the  beginning  of  shadow  period  11,  is  due 
to  the  discontinuance  of  cells  1,  2 and  3.  When  a cell  failed,  the 
discharge  was  terminated  and  the  pack  was  placed  on  charge.  Therefore  the 
remaining  cells  in  the  pack  were  not  discharged  the  proper  length  of  time 
which  resulted  in  low  ampere-hours  out  and  higher  E0D  voltages. 


42 


WQEC/r  77-134 

e.  Performance  during  Sun  Period:  The  pack  began  test  with 
a sun  period  and  completed  11  of  these  periods  before  being  discontinued. 
Following  is  a listing  of  the  high,  average  and  low  cell  voltages  durlnq 
the  last  sun  period.  ^ 


Voltages^ 

High 


Sun  Period  QjUGlNAL  PAGE  B 

tsm  WUAUTY 


Start 
17506TD 


End 
1.335(1) 


Average  1.400  1.322 

Low  1.396(4)  1.300(4) 

**--()  Indicates  which  cell 

f.  Cell  Analysis: 

(1)  Cell  2 was  torn  down  with  the  following  observations: 

* , ^ SeParator  deterioration  was  evident  as  the  material 

was  extremely  thin. 


(b)  Separator  material  was  moist. 


(c)  No  discoloration, 
observed  on  the  separator  material. 


as  a result  of  migration. 


was 


(d)  One  side  and  the  bottom  of  the  positive  plates 
roined  which  led  to  a small  amount  of  flaking  of  the  active  material 

along  the  sides  of  these  plates. 

(e)  The  broad  sides  of  the  cell  case  were  bulged  and 
pressure  was  relieved  when  the  cell  was  opened. 

(2)  Cell  5. 


analysis  of  cell  5 which 


Following  are  the  photographs  showing  the  visual 
completed  7 eclipse  seasons. 
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The  separator  uteri  al  does  not  show  the 


excessive  aiigratlon  for  this  cell  that  often  appears 

- -i®!  C’  40it  6 *• 
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2.  Pack  202A,  5-cells 


a.  Cell  information:  (Same  as  Pack  20IA,  Section  V.  B.I.). 

b.  Parameters: 


Charge°Controldr^e  C4C°  Discharge  Current  (amps,  2.0 

Charge  Current  (amps, 

an  average  voi tage^'^M  «Us  pi?' ^ceft^h^heve^'occurs^irn! )°r  ‘° 


Shadow  11 
Shadow  12 
Shadow  13 
Shadow  14 
Shadow  15 
Shadow  16 
Shadow  17 


1.048 

1.225 

.998 

1.089 

.808 

.793 


.677 

1.004 

.813 

1.057 

.423 

.415 


Cell 

Cell 

Cell 

3 

4 

5 

* 

1.146 

1.028 

1.162 

.634 

1.152 

1.034 

1.165 

.003 

1.110 

** 

1.104 

3.23 

3.86 

3.28 

3.49 

4.90 

3.90 
3.60 


♦--Removed  for  analysis  prior  to  shadow  8 
--Failed,  5th  day  of  shadow  16 

d'  Test  resu,ts  du'-<"9  Eclipse  Seasons:  (Figures  22  to  27). 

allowed  to  remain*  in**  the  cireulf.n!!  Jl!  5th  da*  of  st,ad»“  >6.  It  was 
during  charge  on  the  7th  day  Cell  5 UTlt  durln5  dlscharge.  It  shorted 
to  shadow  8 y*  5 W3S  removed  for  analysis  prior 

due  to  the  capacity  chec^durina^hadn!!1  ^9es:  J!je  reconditioning  effect, 

millivolts  higher  at  the  end  nf9HUr^  '7i  ,that  the  cells  were  10 
than  they  were  before  the  capacity  chnrk6  °*1n9  the  capacity  check 
beginning  of  shadow  U^aX’S 

at  the  beginning (of  each0shad™gperiodawhich  hIJh  V*  a,wide  divergence 
70  days.  This  has  been  the  treed  since  shallow  ? approximately 
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e.  Performance  during  Sun  Periods:  The  pack  began  test  with  a sun  period  and  has  now 
completed  18  periods.  Following  Is  a listing  of  the  high,  average  and  low  cell  voltages  at  the  start 
and  end  of  sun  periods  11  through  18. 

Sun  Periods 


Voltages*** 
High  " 
Average 
Low 

11 

Start 

1730572) 

1.395 

1.373(4) 

End 

1.320(3) 

1.391 

1.347(4) 

Start 

00572) 

1.395 

1.381(4) 

12 

End 

1.3T5(2) 

1.398 

1.370(4) 

Start 

1733072) 

1.419 

1.394(4) 

13 

End 

1.3TT(1) 

1.399 

1.385(4) 

14 

Start 

173T571) 

1.410 

1.404(4) 

End 

1.359(3) 

1.426 

1.353(4) 

Voltaqes 

High 

Average 

Low 

15 

Start 

1730971) 

1.425 

1.406(4) 

End 

1.398(4) 

1.395 

1.389(2) 

Start 

1T406T1) 

1.401 

1.389(4) 

16 

End 

1.403(1) 

1.389 

1.372(4) 

Start 

1742772) 

1.419 

1.399(1) 

17 

End 

1.400(2) 

1.392 

1.384(1) 

18 

Start 

1746372) 

1.433 

1.416(1) 

End 

1.402(3) 

1.398 

1.393(2) 

***— ()indi cates  which  cell 

f.  Cell  Analysis: 

(1)  Cell  4 was  not  removed  from  the  pack  because  doing  so  would  dlstrub  the  other  cells. 


(2)  Following  are  the  photographs  showing  the  visual  analysis  of  cell 
7 eclipse  seasons. 


5 which  completed 
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NOTE:  (1)  Cell  5 removed  for  analysis  prior  to  Shadow  8. 

(2)  Cell  4 failed,  5th  day  of  Shadow  16. 
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3.  Pack  203A,  5-cells 

a.  Cell  information: 

b.  Parameters: 


(Same  as  Pack  201A,  Section  V.B.I.). 


Depth  of  Discharge  (%) 
Charge  Control 
Charge  Current  (amps) 


2.0 

0 

.20 


40  Discharge  Current  (amps) 

CC  Temperature  (°C) 

,20  Float  Current  (amps) 

c Capacity  Checks:  (Discharge  to  .50  volts  any  cell  or  to 

a average  voltage  of  1.00  volts  per  cell,  whichever  occurs  first.) 


Cell 

1 

Cell 

2 

Cell 

3 

Cell 

4 

Cell 

5 

ah 

out 

* 

6.60 

.720 

1.173 

.916 

1.172 

5.25 

.728 

1.165 

.948 

1.142 

5.08 

.801 

1.167 

.925 

1.086 

4.83 

.822 

1.163 

.944 

1.072 

4.50 

.833 

1.147 

.951 

1.046 

4.53 

.841 

1.156 

.930 

1.045 

4.20 

analysis 

prior  to 

shadow  8 

Shadow  11 
Shadow  12 
Shadow  13 
Shadow  14 
Shadow  15 
Shadow  16 
Shadow  17 


d.  Test  results  during  Eclipse  Seasons:  (Figures  28  to  33) 

(1)  End  of  Discharge  Voltages:  The  reconditioning  effect,  due 

to  the  capacity  check,  is  very  evident  for  each  shadow  period. 

(2)  End  of  Charge  Voltages:  There  is  a wide  divergence  in 

these  voltages  throughout  the  shadow  periods  although  it  is  less  during 
middle  portion  of  the  periods. 

(3)  Cell  1 was  removed  for  analysis  prior  to  eclipse  season  8. 
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completed  .a'per^^o^^i^^r, It  Pt  **n  test  «•»  * «■  Period  and  hat  now 
and  end  of  sun  periods  11  through  18.  9 e '9  . average  and  low  cell  voltages  at  the  start 


Voltages** 

Start 

High 

1.520(4) 

Average 

1.506 

Low 

1.490(5) 

Voltages 

Start 

High 

17568(4) 

Average 

1.547 

Low 

1.518(3) 

**--()  indicates  which 

Sun  Periods 

End 

1.549(4) 

1.501(1) 

1.412(3) 

Start 

17549(4) 

1.536 

1.524(3) 

12 

End 

1.549(2) 

1.494 

1.432(4) 

Start 

1.572(4) 

1.532 

1.466(3) 

13 

End 

1.563(4) 

1.473 

1.425(5) 

14 

Start 

17567(4) 

1.545 

1.505(3) 

End 

1.586(4) 

1.513 

1.477(2) 

End 

1.575(4) 

1.466 

1.422(3) 

Start 

1.569(4) 

1.527 

1.433(3) 

16 

End 

1 . 5ST(4) 

1.493 

1.449(3) 

Start 

1T59TT4) 

1.563 

1.516(3) 

17 

End 

1.581(4) 

1.464 

1.395(2) 

18 

Start 

1.559(4) 

1.523 

1.452(3) 

End 

1.60?(4) 

1.498 

1.444(2) 

1 


f.  Cell  Analysis: 
completed  7 eclipse  seasons. 


Following  are  the  photographs  showing  the  visual  analysis  of  cell  1 which 
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SPUCIM 


This  color  shot  shows  a blue-green  deposit  at  the  upper  portion  of  the  nega- 
tive terminal.  Also  pressure  bulging  of  the  case  Is  partially  shown. 

(Sync  3:  0*  C,  40%,  6 ah,  GE) 

PHOTOGRAPH  7 69 
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Extreme  blistering  of  the  positive  plate  and  cell  dryness  are  Illustrated  here 
Is  heavy  at  areas  of  blistering.  (Sync  3:  0*  C,  40X,  6 ah,  GE) 

PHOTOGRAPH  9 


JWJ*. 


the  top  of  the  positive  plate,  above  the  Identlfl 


Pictured  here  Is  a "rtdga  blister*  across 
9 cation  stldcer.  (Sync  3:  0*  C,  *A*  4 d 
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4.  Pack  204A,  5-cells 

a.  Cell  information:  (Same  as  Pack  201A,  Section  V.B.I.). 

This  pack  was  tested  at  -20°C,  with  a depth  of  discharge  of  40  percent. 
The  pack  failed  during  the  second  day  of  eclipse  season  2.  The  results 
of  this  pack  were  reported  in  the  August  1970  report. 

5.  Pack  204B,  5-cells 

a.  Cell  information:  (Same  as  Pack  201A,  Section  V.B.l. 

except  only  the  first  8 eclipse  seasons  were  reported.) 

b.  Parameters: 

Depth  of  Discharge  {%)  40 

Charge  Control  CLM 

Charge  Current  (amps)  .20 

Trickle  Charge  (amps)  .025 

c.  Capacity  Checks: 
an  average  voltage  of  1.00  volts 

Cell  Cell 

I 2 

Shadow  9 
Shadow  10 

Shadow  11  .991  .992 

Shadow  12  1.138  .454 

Postcycling*  4.96  4.18 

*--Pack  discontinued  following  shadow  12 

d.  Test  results  during  Eclipse  Seasons:  (Figures  34  to  36). 

(1)  End  of  Discharge  Voltages:  The  dip  in  the  values 

shown  during  period  12  was  due  to  the  rise  in  the  packs'  ambient 
temperature  (day  2156).  Cell  2 was  the  low  cell  during  this  period. 

The  increase  is  due  to  the  reconditioning  effect  of  the  capacity  check 
on  day  2160  (slightly  offset  from  the  middle  on  this  graph). 

(2)  End  of  Charge  Voltages:  Voltages  are  lower  during 

period  12  due  to  environmental  chamber  malfunction. 

(3)  The  pack  was  allowed  to  complete  shadow  12  with  a 
higher  ambient  temperature.  This  was  because  the  pack  was  to  be 
discontinued  following  this  period  as  it  was  felt  that  all  the  useful 
information  had  been  obtained.  Pack  was  discontinued  following 
shadow  12. 


Discharge  Current  (amps)  2.0 
Temperature  (°C)  -20 
Float  Current  (amps)  .025 


(Discharge  to  .50  volts  any  cell  or  to 
per  cell,  whichever  occurs  first.) 


Cell 

Cell 

Cell 

ah 

3 

4 

5 

out 

6.10 

4.91 

1.061 

1.111 

.841 

3.66 

1.144 

1.139 

1.109 

2.55 

5.46 

5.62 

4.66 
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e.  Performance  during  Sun  Periods:  Pack  began  test  with  an  eclipse  period  and  completed 
11  sun  periods  prior  to  being  discontinued.  Following  is  a listing  of  the  high,  average  and  low  cell 
voltages  at  the  start  and  end  of  sun  periods  8 through  11. 

Sun  Periods 


Voltages** 

High 

Average 

Low 

8 

Start  End 

1.605(1)  1.529(3) 

1.563  1.438 

1.509(5)  1.403(5) 

Start 

175820) 

1.534 

1.503(4) 

9 

End 

1.481(3) 

1.459 

1.443(4) 

Start 

175350) 

1.523 

1.512(5) 

10 

End 

1.497(1,2) 

1.478 

1.445(4) 

11 

Start 

176200) 

1.554 

1.480(4) 

End 

1.451(1) 

1.385 

1.311(2) 

** — ()  indicates  which  cell 

f.  Cell  Analysis: 

(1 ) Cell  2 was  torn 

down  with  the 

following  observations: 

(a)  Positive  plates  were  not  coined  along  one  side  and  at  the  bottom.  The  uncoined  sides 
were  located  on  the  negative  terminal  side  of  the  cell. 

(b)  No  separator  deterioration. 

(c)  Very  small  degree  of  migration  located  only  in  the  middle  of  the  plate  stack. 

(2)  Chemical  analysis  of  cell  2 is  contained  in  Table  II,  Section  VI. 
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6.  Pack  205A,  5-cells 


a.  Cell  information:  (Same  as  Pack  201A,  Section  V.B.I.). 


b.  Parameters: 

Depth  of  Discharge  [%)  60 

Charge  Control*  CC 

Charge  Current  (amps)  .30 


Discharge  Current  (amps)  3.0 

Temperature  (°C)  0 

Float  Current  (amps)  .20 


*Pack  was  on  coulometer  control  prior  to  shadow  11. 


c.  Capacity  Checks:  (Discharge  to  .50  volts  any  cell  or  to 

an  average  voltage  of  1.00  volts  per  cell,  whichever  occurs  first.) 


Cell 

Cell 

Cell 

Cell 

Cell 

ah 

1 

2 

3 

4 

5 

out 

Shadow 

11 

★ 

5.10 

Shadow 

12 

1.029 

1.049 

1.062 

.855 

6.60 

Shadow 

13 

1 01 0 

1.045 

1.047 

.897 

6.24 

Shadow 

14 

.978 

1.039 

1.051 

.938 

5.65 

Shadow 

15 

.942 

1.038 

1 .050 

.933 

5.40 

Shadow 

16 

.962 

1.034 

1.034 

.978 

5.54 

Shadow 

17 

.916 

1.042 

1.054 

.967 

5.20 

♦--Removed  for  analysis  prior  to  shadow  8 

d.  Test  results  during  Eclipse  Seasons:  (Figures  37  to  42). 


(1)  End  of  Discharge  Voltages:  The  reconditioning  effect, 

due  to  the  capacity  check,  are  very  pronounced  except  for  shadow  11.  This 
may  be  due  to  the  fact  that  this  was  the  first  shadow  that  the  pack  was 

on  a constant  current  charge  control,  due  to  the  failure  of  its  coulometer. 

(2)  End  of  Charge  Voltages:  Historically,  the  voltages 

have  shown  a trend  to  increase  in  the  amount  of  divergence  from  one  shadow 

to  the  other;  but  have  now  maintained  a somewhat  constant  value  of  divergence 
the  last  4 shadow  periods. 

(3)  Cell  5 was  removed  for  analysis  prior  to  shadow  8. 
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e.  Performance  during  Sun  Periods:  The  pack  began  test  with  a sun  period  and  has  now 
completed  18  periods.  Following  is  a listing  of  the  high,  average  and  low  cell  voltages  at  the 
start  and  end  of  sun  periods  11  through  18. 


Sun  Periods 


Voltages** 
High  * 
Average 
Low 

11 

Start 

17530(4) 

1.502 

1.477(3) 

End 

1.484(3) 

1.462 

1.441(1) 

Start 

1.543(4) 

1.519 

1.501(1) 

12 

End 

1.462(3) 

1.450 

1.432(1) 

Start 

17489(4) 

1.469 

1.442(1) 

13 

End 

1.447(3) 

1.437 

1.429(4) 

Start 

17540(4) 

1.512 

1.472(1) 

14 

End 

1.5W4) 

1.476 

1.430(1) 

Voltaqes 

High 

Average 

Low 

15 

Start 

17550(4) 

1.521 

1.487(1) 

End 

1.444(3) 

1.422 

1.401(4) 

Start 

175T4T4) 

1.487 

1.454(3) 

16 

End 

1.440(3) 

1.433 

1.426(4) 

Start 

1T570T4) 

1.532 

1.484(3) 

17 

End 

1.432(2) 

1.407 

1.381(4) 

Start 

17578^4) 

1.529 

1.487(3) 

18 

End 

1.439(3) 

1.429 

1.421(4) 

**--()  indicates  which  cell 


f.  Cell  Analysis:  Following  are  the  photographs  showing  the  visual  analysis  of  cell  5 which  completed 

7 eclipse  seasons. 


a darV  fcftue  deposit  on  the  upper  portion  of  the  nega- 
j deposit  is  located  on  the  lower  portion  of  the  posl 
5:  0°  C,  60%,  6 ah,  GE)  _ 
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Jr.  ■ 


Blistering,  separator  dryness,  and  spot  migration  are  illustrated 
(Sync  5:  0*  C,  60X,  6 ah,  GE) 

PHOTOGRAPH  14  Qfi 


This  photograph  shows  dryness  and  lack  of  moisture  distribution  within  the  cell.  Higration 
coincides  with  areas  of  greatest  moisture  where  active  material  gets  greatest  use. 

(Sync  5:  0*  C,  60%,  6 ah,  GE) 

v 3 PHOTOGRAPH  15  Q7 
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This  pictures  a rough  edged 
(Sync  5:  0#  C,  60% , 6 ah , I 


os i ti ve  plate  shown  edge-on  with  loose  active  material 
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A hot  spot  Is  shown  on  the  separator  material  coresponding  to  the  upper  portion  of  the  cell 
where  the  separator  folded  around  the  plate  buss. 
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7.  Pack  206A,  5-cells 

a.  Cell  information:  (Same  as  Pack  201A,  Section  V.B.I.). 


b.  Parameters: 


Depth  of  Discharge  {%) 

80 

Discharge  Current  (amps) 

4.0 

Charge  Control* 

CC 

Temperature  (°C) 

0 

Charge  Current  (amps) 

.40 

Float  Current  (amps) 

.40 

*--Pack  was  on  coulometer  control  prior  to  capacity  check  of  shadow  11. 

c.  Capacity  Checks:  (Discharge  to  .50  voUs  any  cell  or  to 

an  average  voltage  of  1.00  volts  per  cell,  whichever  occurs  first.) 


Cell 

Cell 

Cell 

Cell 

Cell 

ah 

1 

2 

3 

4 

5 

out 

Shadow  11 

★★ 

*** 

7.00 

Shadow  12 

.783 

1.100 

1.119 

5.74 

Shadow  13 

.732 

1.091 

1.112 

5.64 

Shadow  14 

.783 

1.045 

1.015 

4.73 

Shadow  15 

.823 

1.074 

1.034 

4.90 

Shadow  16 

.699 

1.138 

1.140 

5.23 

Shadow  17 

.739 

1.128 

1.124 

4.80 

**--Failed,  low  end  of  discharge  voltage  during  si.adow  4 (day  1127). 
★★★--Failed,  shorted  during  shadow  11  (day  1850)  prior  to  capacity  check. 

d.  Test  results  during  Eclipse  Seasons:  (Figures  43  to  48). 

(1)  End  of  Discharge  Voltages:  Low  values  shown  at  the 

beginning  of  shadow  11  are  caused  by  cell  5,  which  shorted  out  on  day  1850. 
The  effect  of  the  capacity  checks  are  not  as  pronounced  as  those  of  the 
other  packs  (203A  and  205A)  at  0°C.  Cell  1 was  the  low  cell  on  discharge 
during  shadow  17. 

(2)  End  of  Charge  Voltages:  There  is  a wide  divergence 

in  the  voltages  as  was  evident  in  the  other  packs  at  0°C. 

(3)  Cell  4 failed,  low  end  of  discharge  voltage,  during 

shadow  4. 
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e.  Performance  during  Sun  Periods:  The  pack  began  test  with  a sun  period  and  has  now  completed 

18  periods.  Following  is  a listing  of  the  high,  average  and  low  cell  voltages  at  the  start  and  end  of  sun 
periods  11  through  18. 

Sun  Periods 


Voltages**** 

High 

Average 

Low 

Start 
1 7577(3) 
1.478 
1.443(2) 

11 

End 

1.485(1) 

1.448 

1.395(3) 

Start 

1757673) 

1.495 

1.477(2) 

12 

End 

1.472(2) 

1.450 

1.402(3) 

Start 

17493T1) 

1.463 

1.429(3) 

13 

End 

1.470(2) 

1.451 

1.419(3) 

14 

Start 

lTtloTl) 

1.491 

1.470(3) 

End 

1.478(1) 

1.418 

1.383(2) 

Voltages 

High 

Average 

Low 

Start 

1T5T0T1) 

1.478 

1.431(3) 

15 

End 

1.436(2) 

1.411 

1.389(3) 

Start 

17536T2) 

1.513 

1.480(3) 

16 

End 

1.4?9(2) 

1.417 

1.402(3) 

Start 

1T535T1) 

1.502 

1.472(3) 

17 

End 

1.411(2) 

1.395 

1.380(3) 

18 

Start 
17528  0 , 3) 
1.507 
1.466(2) 

End 

1.447(2) 

1.430 

1.416(1) 

****-- indicates  which  cell 


f.  Cell  Analysis: 

(1)  Photographs  showing  the  visual  analysis  of  cell  4 were  shown  in  the  earlier  1973  report. 

(2)  Cell  5 was  not  removed  from  the  pack  because  doing  so  would  distrub  the  other  cells. 
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NOTE:  (1)  Cell  4 failed  during  Shadow  4. 

(?)  Cell  5 failed  during  Shadow  11. 
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C.  GE  12.0  ah  (Prototype-ATS  F & G) 

1 . Pack  207  A,  5-cells 
a.  Cell  information: 

(1)  The  cells  were  purchased,  and  provided  for  test,  by 
NASA,  GSFC  for  the  purpose  of  gathering  performance  information  concerning 
sealed  nickel-cadmium  cells  with  auxiliary  electrodes  in  synchronous  orbit. 

The  cells  were  placed  on  test  to  demonstrate  the  feasibility  of  using 

this  type  of  cell  design  for  the  ATS  F & G satellite  in  synchronous 
orbit.  These  cells  began  test  on  22  March  1969.  The  cells  were  identified 
with  the  manufacturers  catalog  numbers  42B012AB09  (auxiliary  electrode 
type)  and  42B012AB10.  Acceptance  test  results  and  detailed  cell  descriptions 
are  contained  in  the  NAD  Crane  QE/C  69-553  of  15  July  1969.  The  results 
of  the  first  four  eclipse  seasons  were  reported  in  the  NAD  Crane  Report 
QE/C  71-183  of  10  June  1971.  Cell  1 was  fitted  with  a pressure  transducer 
prior  to  testing. 

(2)  One  uncycled  cell  was  sent  to  GSFC  for  analysis  and 
the  results  are  contained  in  Table  III,  Section  VI. 


b.  Parameters: 


Depth  of  Discharge  (%) 

60 

Temperature  (°C) 

0 

Charge  Control 

AE 

Float/Trickle  Current  (amps)*  .15 

Charge  Current  (amps) 

1.5 

Auxiliary 

Electrode 

♦♦ 

Resistance  (ohms) 

300 

Discharge  Current  (amps) 

6.0 

Trip  Voltage  (mv) 

150 

♦--Reduced  to  .15  amps. 

from  .20  amps,  during 

sun  period  10. 

**--Cel Is  1 , 4 and  5. 

c.  Capacity  checks: 

(Discharge  to  .50  volts  any 

cell ) 

Cell 

Cell 

Cell 

Cell 

Cell 

ah 

1 

2 

3 

4 

5 

out 

Shadow  5 (Figure  49) 

.579 

.951 

.853 

.670 

.497 

16772 

Shadow  6 (Figure  50) 

.691 

.919 

.877 

.493 

.561 

16.64 

Shadow  7 (Figure  51) 

.905 

.942 

.940 

.435 

.439 

16.20 

Shadow  8 (Figure  52) 

.914 

.959 

.965 

.580 

.540 

16.31 

Shadow  9 

-.20 

1.160 

1.164 

1.100 

1.110 

11.43 

Shadow  10  (Figure  53) 

.207 

1.176 

1.177 

1.160 

1.162 

4.13 

Shadow  11 

♦♦♦ 

.842 

.770 

.557 

.441 

15.62 

Shadow  12  (Figure  54) 

.960 

.947 

.540 

.411 

14.39 

Shadow  13  (Figure  55) 

.952 

.885 

.465 

.390 

14.39 

Shadow  14  (Figure  56) 

.981 

.948 

.468 

.410 

13.18 

♦♦♦--Cell  1 leaking,  removed  prior  to  shadow  11. 
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{ d.  Test  results  during  Eclipse  Seasons:  (Figures  57  to  64) 

(1)  Erratic  data,  shown  during  shadow  periods  9 and  10,  is 
due  to  the  "drying  out"  of  cell  1.  Its  pressure  transducer  assembly  was 
bumped,  during  the  sun  period  prior  to  shadow  9,  whKh  caused  the  weld  at 
thp  base  of  the  fill  tube  to  break.  As  a result  of  this,  the  cell  exhibited 
low  E00  voltages,  unreliable  pressure  readings  and  high  auxiliary  electrode 

:\t  the  beginning  of  charge,  which  did  not  allow  the  pack  to  get 
properly  reciu.: •j?'* - This  cell  was  removed  from  the  pack  prior  to  the 
start  of  shadow  perioo  il. 

(2)  Average  End  of  Discharge  Voltages:  The  reconditioning 

effect,  due  to  the  capacity  checks,  are  still  in  evidence  as  the  average 
voltage  increased  by  18  millivolts  the  day  following  the  capacity  check 
during  shadow  period  14. 

(3)  Average  Cell  Voltage  at  Trip  and  End  of  Charge:  The 

averaqes  at  trip  were  lower  than  those  at  the  end  of  charge,  prior  To 
period  11.  During  period  11,  and  the  following  periods,  this  was  completely 
reversed.  Also,  the  trip  and  end  of  charge  voltages  have  increased  each 
successive  period.  The  trickle  charge  current  was  reduced  from  .2  to  .lb 
ampere  during  shadow  11  in  an  effort  to  reduce  the  end-of-charge  voltages. 
The  trip  voltages  at  the  beginning  of  each  shadow  period  are  high,  due 

to  the  auxiliary  electrodes,  during  the  sun  periods,  appearing  to  become 
"desensitized"  to  the  oxyger.  produced  during  charge.  The  electrodes 
become  “sensitized"  again  after  2 to  7 days  into  the  period.  During  the 
period  that  the  auxiliary  electrodes  are  not  functioning  properly,  the  cells 
are  placed  on  trickle  charge  when  their  voltages  reach  1.70  volts  on  the 
high  charge  rate. 


0 
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e Performance  during  Sun  Periods:  The  pack  began  test  with  a shadow  period  and  has  n w 

completed  14  sun  periods.  Pressures,  cell  1,  were  less  than  12  psia  prior  to  period  8 when  its  pre  sure 
assembly  began  leaking.  The  trickle  current  was  reduced  from  .20  to  .15  amperes,  during  period  0,  in  an 
effort  to  reduce  the  high  cell  voltages.  Following  is  a listing  of  the  high,  average  and  low  cell  v>ltages 
at  the  start  and  end  of  sun  periods  5 through  14. 

SUN  PERIODS 


.1 


Voltages**** 

High 

Average 

Low 


Voltages 

High 

Average 

Low 


Start 

17524(5) 

1.503 

1.453(1) 


Start 
1 7568(4) 
1.525 
1.444(1) 


End 

1.532(4) 

1.536 

1.475(1) 


End 

1.584(4,5) 

1.533 

1.440(1) 


Start 

17518T4) 

1.495 

1.450(1) 


Start 

17580(5) 

1.531 

1.429(1) 


End 

1.538(4) 

1.532 

1.472(1) 


10 


End 
1.616(4) 
1.573 
1.532(3) 


Start 

175T5T4) 

1.491 

1.437(1) 


Start 

1759914) 

1.579 

1.560(2) 


End 

1.547(4) 

1.525 

1.467(1) 

11 

End 

1.626(4) 

1.579 

1.540(2) 


Start 
17520(4) 
1 .506 
1.477(1) 


Start 
1 7604(4) 
1.579 
1 .555(2) 


End 

1.555(4) 

1.514 

1.438(1) 


End 

1.618(5) 

1.554 

1.426(3) 


Voltages 
High 
Av erage 
Low 


13 


14 


Start 

17613(3) 

1.605 

1.589(5) 


End 

1.624(4) 

1.525 

1.422(3) 


****._()  indicates  which  cell. 


Start 

1757914) 

1.564 

1.555(2) 


End 

1.642(4) 

1.593 

1.485(3) 


f.  Cell  Analysis:  Cell  1 was  sent  to  GSFC  for  analysis  and  the  results  are  contained  in 

Table  III,  Section  VI.  The  following  photograph  shows  the  condition  of  the  plates  and  separator  of 

.i.  nrrr 


Cell  1 as  it  was  opened  at  GSFC. 


it 

ll 

c.  > 

ll 
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This  photograph  shows  the  condition 
of  the  plates  and  separator  of  Cell  2, 
Pack  207A,  S/N  AB9-04,  which  completed 
10  eclipse  seasons. 
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DATE  Of  HUN  IS  08/27/76 


.09*» 

.390 

.*>98 

.799 

1.000 

1.20* 

1 .903 
1.605 
1.806 
2.008 
2.210 
2.912 
2.619 
2.816 
3.0X8 
3.220 
3.922 
3.625 
3.82  f 
9.02? 
9.231 
9.93| 
9.63S 
9.837 
5.03? 
5.291 
5.993 
5.695 
5.897 
6.098 
6.29? 
6.951 
6.652 
6.853 
7.055 
7.256 
7.659 
7.861 
8.062 
8.269 
8.965 
8.666 
8.668 
9.06? 
9.271 
9.972 
9j679 
9.875 
10.07/ 
101277 
10.976 

10.679 

10.680 


CELL--  C 

1.351  V2 
1.31*  V2 
1.30?  V2 
1.28”  V2 
1.28"  V2 
1.27*  y2 

kit; !! 

till;  : 

1:11;  S| 

1.251  y2 
l 1.2*?  W2 
l 1.29"  V2 
l 1 .29*  V2 
L 1.2*'  1/2 
1 1.26"  V2 

1 1.2|*  V2 

l 1.23?  V2 
l 1.23'  V2 
1 1.23"  V2 

1 1.22?  V2 

1 1.22*  V2 

1 1.22"  V2 

1 1.21"  V2 

1 1.21?  V2 

l 1.21'  V2 
1 1.20”  V2 

1 1.20?  V2 

1 1.20'  V2 

1 1.20"  V2 

1 1.19"  92 

1 1.19?  V2 

1 v? 

1 1.19"  V2 

1 1.187  V2 

I 1.18?  V2 

1 1.18*  V2 

II  1.181  V2 

n l.ie"  vz 

fl  1.17”  VZ 
11  l!lR  V2 
it  1.17J  vz 
a 1.17?  V2 

n 1.17?  vz 

/l  1.17?  V2 
/I  1.17*  V2 
/I  1.171  v* 
/I  1.171  V2 
/I  1.17"  V2 
/I  1.16"  V2 
/I  1.16*  VZ 


CELL-V 


PACK  MJHcLfi 
V CELL-5 


15  Z07A 
CILL-V 


CELL-W 


1.398  V3 
1.31?  V3 
1.301  V3 
1.289  V 3 
1.280  V 3 
1.273 
1.269  V 3 
1.269  v 3 

1.261  V3 
1.259  V3 
1.256  V| 
1.253  V? 
1.251  V3 
1.299  V 3 
1.298  V3 
1.295  V3 
1.291  V| 
1.2?0  V3 
1.237  V3 
1.235  V 3 
1.231  V3 
1.22?  V3 
1.227  v3 
1.229  v3 
1.221  v3 
1.21?  V 3 
1.215  V3 
1.213  v3 
1.210  v3 
1.207  v3 
1.209  V3 
1.201  V3 
1.199  V3 
1.196  V3 
1.199  V3 
1.191  V3 
1.18?  V3 
1.167  V3 
1.185  V3 
1.183  V| 
1.162  V3 
1.181  V3 
1.180  V3 
1.179  V3 
1.178  V3 
1.177  V3 
! 1.176  V3 

I 1.175  V3 
1.173  V 3 
f i.173  V3 
! 1.172  V3 

! 1.170  V3 

t 1.169  V3 


1.351  V' 
1.31?  V‘ 
1.303  V‘ 
1.291  V' 
1.262  V 
1.276  V 
1.271  V 

1.268  V 

1.269  V 
1*261  V 
1.259  V 

1.258  V 

1.259  V 
1.252  V 
1 .250  v 
1.298  V 
1.295  V 
1.293  V 
1.290  V 

\-Ml ! 

1:1#  \ 
1.228  \ 
1.229  > 

l:l||  5 
}:iil  ! 
i:iiS  ! 
t:I8 i ' 

1:198 
1.195 
1.192 
1.191 
1.189 
1.188 
1.187 
1.186 
1.165 
1 . 183 
1.162 
1.181 
1.161 
1.179 
1.176 
1 * 177 
1.176 
1.179 
1.172 


1.399  V5 
1.317  V5 
1.302  V5 

1 .290  V5 
1.280  V5 
1.2  79  v'5 
1.269  V5 
1.265  V5 
1.262  V5 
1.259  V5 
1.257  V5 
1.253  v5 
1.251  V5 
1.299  v5 
1.296  V5 
1.293  V5 

1.291  V5 
1.239  V5 
1.237  V5 
1.239  V5 
1.231  V5 
1.226  V5 
1.226  V5 
1.223  V5 
1.220  V5 
1.217  V5 
1.219  V5 
1.211  V5 
1.209  V5 
1.206  V5 
1.201  V5 
1.199  V5 
1.197  V5 
1.193  V5 
1.191  V5 
1.186  V5 
1.186  V5 

1.169  v5 
1.181  V5 
1.179  V5 
1.179  V5 
1.177  V5 
1.175  V5 
1.179  V5 
1.171  V5 

1.170  V5 
1.169  V5 
1.167  V5 
1.169  V5 
1.162  V5 

, 1 . 1 60  .5 

1.15/  V5 
1.153  V5 


1.399 

1.317 

1.301 

1.290 

1.281 

x.lzi 

1.270 

1.266 

i :iU 

1.257 
1.255 
1.252 
1.250 
1.297 
1.299 
1.291 
1.23? 
1.237 
1.239 
1.231 
1.229 
1.226 
1.222 
1.220 
1.219 
1.215 
1.211 
1.209 
1.206 
1.20  2 
1.200 
1.197 
1.199 
1.191 
1.188 
1.186 
1.183 
1.181 
1.180 
1.178 
1.176 
1.175 
1 1 172 
1.171 
1.169 
1.167 
1.165 
1.16£ 
1.160 
1.157 
1.159 
1.199 


I 


5 b CYCLE  IS 

CFLL-V  CtLL-V 


.000 
.000 
.000 
.000 
.000 
.000 
.300 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
I ooo 
.000 
.300 
1 000 
.000 
.000 
looo 
.000 
.000 
.ooo 


.000 

.000 

.000 

.ooo 

.OOG 

.030 

.GuO 

.003 

.ooo 
.000 
.000 
.000 
.ooo 
.000 
."00 
.000 
.000 
.000 
.000 
.000 
.000 
.030 
.000*% 
.000 
.000 
.000 
.000 
.000-  ' 
.boo 
.000. 
.000 
.000 
.000 
.000 
.OoO 
.000 
.ooo 
.ooo 
.000 
.ooo 
.oub 
.000 
.000 
.000 
.boo 
.ooo 
.ooo 

.OOO 

.000 

.000 

.ooo 

.boo 

.000 


.000 
.000 
.000 
.000 
.ooo 
.000 
.coo 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.00'' 
,oc 
.ooo 
.000 
.000 
.000 
. 0 jO 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
. .000 
.000 
* .000 
. .000 
.000 
.000 
.000 
.000 
.000 
.300 
.000 
.000 
.000 
.000 
.000 
.000 
.003 
.ooo 
.000 
.000 
.000 
.ooo 


1.350 
1.318 
1.302 
1.290 
1.261 
1.2  / 9 
1./70 
1.265 
1.2b? 
1.259 
1.257 
1.259 
1.25? 
1.250 
1.298 
1.295 
1.292 
1.290 
1.238 
1.235 
1.23? 
1.230 
1.227 
1.229 
1.2?  1 
1.219 
1.216 
1.213 
1.210 
1.207 
1.209 
1.201 
1.199 
1.196 
1.193 
1.190 
1.188 
1.166 

1.169 
1.16  2 
1.161 
1. 180 
1.179 
1.177 
1.176 
1.179 
1.173 
1.1/2 

1.170 
1.169 
1.167 


1.351 
1.319 
1.303 
1 .291 
I .26? 

I ,?7t 
1.271 
1 .266 
1.269 
1 .26) 
1.259 
1.256 
1.259 
1.252 
1 .250 
1.296 
1 .295 
1.29  3 
1.290 
1.237 
1.235 
I .232 
I .2311 
1.226 
1.229 
1 .222 
1.219 
1.217 
1.213 
1.210 
1.209 
1.206 
1 .207 
1.200 
1,198 
1.195 
1.19? 
1.191 
1.169 
1.166 
1.167 
1.166 
1.165 
1.183 
1.16? 
1.181 
1.161 
1.179 
1 . 1 7h 
1.177 
1.176 
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HTJ-I 

date  of 

Tl"E 

103  *. 
«C35. 
1037. 
1G4U. 
1042. 
1044. 

1 0*T. 

1049. 

1C  5.  • 
1054. 
1056. 

105?. 

noi. 

no*. 

uoe. 

1111. 


BUN  IS  09/10/76 

AMPS  CELL-* 

• 243 
.480 
.72? 

.972 
.215 
.458 
1.701 
1.944 

1.187 
1.430 
1.673 
i.916 
3.15? 

3.402 
3.88 1 

4.127 


PACK  NUPbER  IS  207A 


CELL-V 

1.270  V2 
1.251  V2 
1.241  V2 
1.230  V2 
1 .208  V2 
1.208  ' 
1.197 
1.186 
1.173 
1.155 
1.122 
1.052 
1.022 
.923 
.678 
.207 


CELL-V 


V2 

V2 

V2 

V2 

V2 

V2 

V* 

v2 

V2 

v2 

v2 


!;|SS 

•ili  si 

1.189  v3 
.181  V3 
-.178  v3 
1.176  V3 


; 


CELL-V 

1.280  V4 
1.266  V4 
1.255  V4 
1.245  V4 
1.238  V4 
1.229  V4 
1.221  V4 
1.218  V4 
1.211  V4 
1.205  V4 
1.204  V4 
1.192  V4 
1.190  V4 
1.182  V4 
1.180  V4 
1.177  V4 


SHADOW  PERIOD  IS  10 


CELL-V 

1.271  V5 
1.258  V5 
1.248  V5 
1.242  V5 

1:38  ! 


CELL-V 


1.216 
' 206 


Vv 


1.2c 
1.202 
1.196  .. 
1.188  V5 
1.184  V5 
1.179  V5 
1.169  V5 
1.164 


1.160  V5 


CFLL-V 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


CYCLE  IS 

CELL-V 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


1635. 

AVt-V 

fcgt 

1.248 

1.240 

1.279 

1.224 

1.214 

1.207 

1.200 

1.191 

1.181 

1.161 

1.152 

1.125 

1.073 

.976 


WQEC/C  77-134 

PAOE  IS  16. 


H I C.H-V 

1.780 

1.766 

1.755 

1.745 

1.738 

1.779 

1.773 

1.718 

1.711 

1.705 

1.704 

1.193 

1.190 

1.187 

1.180 

1.177 


LOw-V 

trill 

1.230 

1.208 

1.208 

1.197 

1.166 

1.173 

1.155 

1.122 

1.057 

1.02? 

.923 

.678 

.707 


»• 


I 

» 


1S2 


o 


DATS  OF  ku'U  IS  09/10/76 

Tl^fc  AMPS  CELL-" 

ijfct.  .2*-  At  .1)0*'  V, 

1353.  .976  A 5 ,00>  9. 

l.OB.  i.708  A 5 .00*  V 

U07.  2.439  A'  .CO*  V 

Ul*.  3.17i  AS  .00*  v, 

U21.  3.903  AS  .00*  v 

U29.  4.635  AS  .00*  V 

U36.  5.367  AS  .00*  V 

1443.  6.099  A5  .00*  V, 

U50.  6.631  »S  .00*  V 

U57.  7.563  A5  .00*  V, 

ISOS.  8.296  A5  .00*  9, 

|SW.  9.027  A 5 .00*  V, 

IS  19*  9.759  A 5 .00*  V, 

1526.  10.491  *5  .01?  9 

1*33.  11.223  AS  .02"  V, 

l54l.  11.956  AS  .02*  V, 

15*6.  12.687  AS  .03°  V 

1556.  13.419  AS  .03*  V 

1602.  14.151  AS  .053  v. 

ItOS.  14.395  A5  .06'  V 


PACK  M/PoER  IS  2 OTA 

CELL-W  CELL-V  CLLL-9 

1.326  93  1.3*9  V4  1.325  V5 

1.279  V3  1.282  V4  1.272  W5 

1.262  V3  1.265  V-«  1.260  V5 

1.251  93  1.254  V4  1.249  v5 

1 . *4 1 v3  1.245  V 4 1.239  V5 

1.231  9 3 1.234  v 4 1.229  V5 

1.221  93  1.2*5  V 4 1.216  V5 

1.211  V3  1.215  94  1.207  V5 

1.199  93  1.202  V4  1.195  95 

1.167  93  1.190  94  1.160  95 

1.175  V3  1.177  94  1.164  95 

1.166  93  1.167  94  1.148  95 

1.157  V3  1.154  94  1.123  95 

1.143  93  1.127  94  1.094  V5 

1.119  93  1.099  94  1.069  95 

1.090  93  1.076  94  1.050  95 

1.063  93  1.057  V4  1.033  V5 

1.041  93  1.040  V4  1.010  95 

1.018  V3  1.019  94  .954  95 

.979  93  .972  V4  .717  V5 

.960  93  .947  94  .540  V5 


o 

“9CC/C  77-134 


SHACGfc 

PEP  100 

IS  12 

CYCLF  IS 

2123. 

page 

IS 

CELL-9 

CELL-9 

CFLL-9 

CELL-V 

AVfc— V 

HIC.H-9 

lok-v 

1.325 

.000 

.000 

.000 

1.326 

1.329 

1.325 

1.278 

.000 

.000 

.000 

1.278 

1.782 

1.277 

1.260 

.000 

.000 

.000 

1.262 

1.765 

1.260 

1.248 

.000 

.000 

.ooo 

1.250 

1.754 

1.248 

1.238 

.000 

.000 

.000 

1 . * 4 1 

1 .745 

1.238 

1.228 

.000 

.000 

.coo 

1.230 

1.734 

1.228 

1.218 

.000 

.000 

.000 

1.220 

1.775 

1.218 

1.207 

.000 

.000 

.000 

1.210 

1.715 

1.207 

1.194 

.000 

.000 

.000 

1.197 

l .707 

1.194 

1.179 

.000 

.Ooo 

.000 

1.184 

1.140 

1.179 

1.164 

.000 

.000 

.000 

1.170 

1.177 

1.164 

1.147 

.000 

.000 

.000 

1.157 

1.167 

1.1*7 

1.122 

.000 

.000 

.000 

1.139 

1.157 

1.122 

1.091 

.000 

.000 

.000 

1.114 

1.143 

1.091 

1.067 

.000 

.000 

.000 

1.088 

1.119 

1.067 

1.048 

.000 

.000 

.000 

1.066 

1 .090 

1.048 

1.031 

.000 

.000 

.000 

1.046 

1.063 

1.031 

1.005 

.000 

.000 

.coo 

1.024 

1.041 

1.005 

.930 

.000 

.000 

.000 

.980 

1.019 

.930 

.591 

.000 

.000 

.000 

.815 

.979 

.591 

.611 

.000 

.000 

.000 

.714 

.960 

.*11 

S S3 


153 


mm 


PACK  MUMtoEH  IS  207A 


CELL-V 


1.325  V3 
1.306  V3 
1.279  V3 
1.261  V3 
1 .2*9  V3 
1.239  V3 
1.229  V3 
1.219  V3 
1.206  V3 
1.196  V3 
1.183  V3 
1.166  y3 
1.100  V3 
1.075  V3 
1.057  V3 
1.062  V3 

1.028  v3 
1.010  V3 
.976  v3 
.951  V3 


1.328  V 6 
1.307  V6 
1.283  V6 
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_THIP 

1.7000 
2.5000 
3.715C 
<..2070 
<..6930 
5. Id50 
5.6320 
6.6660 
6.  1**50 
6.6000 
7.2630 
6.9560 
7.0070 
7.1370 
7. 0750 
7 . 32 1C 
7.5090 
7.3800 
7.1350 
6.9000 
6.8660 
6.6680 
6.3990 
6.1590 
5.6760 
5.3500 
6.6700 
6.3100 
2.5000 
1.5200 


Ar"l 

<..8500 
5>500 
6. 68 00 
7.0200 
7.5200 
7.9700 
8.1800 
7.6600 
6.7700 
9.20*30 
9.8200 
9.5000 
9.5000 
9*7100 
9.t*60'J 
9.9200 
10.0000 
9.9000 
9.6800 
9>500 
9.5300 
9>50G 
8.9800 
6*6800 
6.3900 
8 . 0600 
7.5100 
6.2900 
5! 6600 
6 8600 


A7F-CCLL 
E'lO  C 
1.5602 
i>760 
1>962 

1.5962 

1 ,606* 

1 .6072 

1.5963 
1 .6000 
1.6180 
1.6205 
1.6167 
1 .6180 
1.6192 
l *6  32  7 
1.6275 
1.6265 
1 .5390 
1 *5520 
1.5585 
1>78C 
! 15802 
1*5992 
1*5960 
l *59  7 7 
1.6012 
1 *6027 
1.6567 
1*6127 
1>190 
1>10C 


55  60* 

r.18  tL{.C  Ef- 

0008  .2 

« 1 

(•00  0 .2 

*30  5 \*  .2 

onto  .? 

occt  .2 

,0000  ,2 

,0000  >< 

, uCCG  .2 

,000'  .2 

, OOC  * • 1 

,CCC  0 .2 

,«(H  , 1 

,v,o<.*.  . : 

,occ  ■ .1 

,ooc^  . ; 

,0000  .] 

,000C  .! 

oooc  . 

OOC*  .! 

.oooo  . i 

OOOC  .1 

,ooco 

oooo  . 

.ocoo  ., 

. oooc  • 

.oooc  .; 

.OCOo 
>000 
.007.0 


1.5900 

2.6600 

3.660*. 

6*.15C0 

6.6600 
5.1302 
5.370C 
5 . 6 1 OC 

t. 1000 

6.35C0 

6.5900 
6.7800 
6.8300 
?>80C 
7 .0800 
7.3300 
7.3200 
7.3200 
7.0800 
6.8300 
6>300 
6*59CC 
6*3600 
fcllOOO 
5.6100 
6>7CO 
6*63C0 
6^ 1600 
2*6600 
1.6600 


1.7092 
1 .6686 
1.7179 
1.7186 
1.7160 
1.7165 

1.7125 

1.6919 

1.7126 
1.6972 
1.5562 
1.7090 
1.6175 
1*5 166 

1 .6767 

1.6635 

1.6566 
1.6632 
1.6370 
1.6707 
1.6690 
1.6822 
1.6507 
1.6860 
1.6897 
1 >692 
1.6915 
1 >01 5 
1*7 155 
1*7375 


00«>C 

COCO 

030U 

0000 

0000 

,0000 

oooc 

,cooc 

,G0C*3 

,0000 

,0000 
,0000 
,0000 
,oOt  J 
,0000 
,0000 
,OcCC 
,0000 
,000o 
0000 
,oooo 
,oooo 
,0000 
>000 
, OuOC 
>000 
,0000 
.0000 
>00o 
>000 


0000 

OOoC 

"302 

ccoc 

oooc 

cooc 

,0000 

,0000 

,0000 

,occo 

,0000 

oooc 

,0000 

ocoo 

, 3C0C 
,<3000 

,0000 

,occo 

,0000 

,0000 

.oooc 

.oooc 

,ococ 

>000 

,0000 

>030 

>C1C 

>C10 

>010 

>02C 


/I  - ; 563.0c -»o 

- ' . r . 

? . ‘ ‘ . 

2*  7 .6  '••* 

Z' 1 1 6 76.0JUO 
2C  7 2 5 77.00'.' 
i . r r'  VO.&C  -0 
7 25  79.0pn . 

2 5 n 1 . 

_ 7 .532.030" 
/'  ’ 2 6 *3.0  300 
Z " 7 *.  5 n 5 . OOviO 
2<-7  7536.00^0 
2<  7 2637.0000 
2C7  25<*9  . 3<>OC 
20  7 Z 890 . 3000 
I ; 5 9 1 . 0*300 
2693.3000 
. • . •*•  . 

2v t 26 66. COO" 
„ • y9. 

207  2630.0000 
7 2603. U •"" 
2C-7  £6  06.0000 
2C  7 7*05.3000 
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1.1832 

1.1017 
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1.1900 

1.19C2 

1.1935 

1.1967 

1.2(322 

1.1900 

1.2207 

1.2120 

1.2632 

1.2602 
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2.  Pack  208A,  5-cells 


a.  Cell  Information: 

b.  Parameters: 

(Same  as 

Pack  207A, 

Section  V.  C. 

1.). 

Depth  of  Discharge  [%) 
Charge  Control 
Charge  Current  (amps) 
Discharge  Current  (amps) 
Temperature  (°C) 

80 

AE 

3.0 

8.0 
0 

Float/Trickle  Current  (amps) 
Auxiliary  Electrode:* 
Resistance  (ohms) 

Trip  Voltage  (mv) 

.20 

300 

150 

♦--Cells  2 and  3. 

c.  Capacity  checks: 

(Discharge  to  .50  volts  any 

cell). 

Cell 

Cell 

Cell 

Cell 

Cell 

ah 

1 

2 

3 

4 

5 

out 

Shadow  5 (Figure  65) 

.ffl5 

.669 

.?79 

.383 

.938 

107 

Shadow  6 (Figure  66) 

.853 

.413 

.038 

.199 

.834 

16.66 

Shadow  7 (Figure  67) 

.959 

.504 

.517 

.899 

.870 

15.97 

Shadow  8 (Figure  68) 

.910 

.385 

.419 

.777 

.805 

14.60 

Shadow  9 (Figure  69) 

.940 

.500 

.490 

.720 

.660 

15.78 

Shadow  10  (Figure  70) 

.885 

.112 

.170 

.534 

.807 

16.75 

Shadow  1 1 

.954 

.468 

.650 

.839 

.749 

15.70 

Shadow  12  (Figure  71) 

.899 

.243 

.433 

.746 

.566 

15  41 

Shadow  13  (Figure  72) 

.873 

.204 

.319 

.750 

.556 

15.72 

Shadow  14  (Figure  73) 

.935 

.371 

.358 

.479 

.479 

15.14 

d.  Test  results  during  Eclipse  Seasons: 

(Figures  74  to  81 ) . 

(1)  Average  End  of  Discharge  Voltages:  The  reconditioning 

effect,  due  to  the  capacity  checks,  can  be  seen  for  each  period.  The  average 
voltage  Increased  by  29  millivolts  the  day  following  the  capacity  check 
during  period  14. 

(2)  Average  Cell  Voltages  at  Trip  and  End  of  Charge:  The  end 

of  charge  voltages  were  always  lower  than  the  trip  voltages  for  the  first  8 
periods.  This  has  been  reversed  during  all  the  succeeding  periods.  The  end  of 
charge  voltages  have  steady  Increased  each  period  to  where  they  have  remained 
fairly  constant  (1.560  volts)  the  last  4 periods.  The  trip  voltages 
increased  at  the  beginning  of  each  period,  starting  with  period  9,  due  to  the 
auxiliary  electrodes  appearing  to  become  "desensitized"  during  the  preceding  sun 
period.  This  condition  would  last  from  2 to  7 days  Into  the  shadow  before 

the  electrodes  regained  their  sensitivity. 

(3)  The  pressure  Increase,  at  the  beginning  of  period  13, 
was  due  to  a malfunction  in  the  control  unit  which  allowed  the  pack  to  be 
overcharged  at  the  3.0  ampere  rate  for  10  minutes.  It  is  observed  that  the 
increase  in  pressure  (20  psia)  did  not  readily  recombine  which  indicates 
the  pressure  generated  was  mostly  hydrogen. 
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e.  Performance  duriny  Son  Periods:  TX 

completed  14  sun^riods.  J**™™  «]>  start  anS  end  of  £n  periods  5 


is  a 


H thrnuah  14. 


SUN  PERIODS 

Voltages** 

High 

Average 

Low 

Start 

17531X2) 

1.501 

1.450(1) 

5 

End 

1.505(4) 

1.480 

1.440(2) 

Start 

17514X2) 

1.487 

1.440(1) 

6 

End 

1.510(4) 

1.465 

1.434(2) 

Start 

17528X2) 

1.494 

1.440(1) 

7 

End 

1.509(4) 

1.470 

1.425(2) 

Start 

17538X2) 

1.504 

1.453(1) 

Voltages 

High 

Average 

Low 

Start 

17575(2) 

1.487 

1.447(1) 

9 

End 

1.528(4) 

1.470 

1.403(2) 

Start 

1759412) 

1.538 

1.452(1) 

10 

End 

1.538(4) 

1.448 

1.401(3) 

Start 

17620X3) 

1.567 

1.480(1) 

11 

End 

1.570(4) 

1.474 

1.400(2) 

Start 

i7toTX3) 

1.554 

1.468(1) 

Voltages 

High 

Average 

Low 

Start 

1T638T4) 

1.603 

1.544(1) 

13 

End 

1.602(4) 
1.464 
1 .383(2) 

Start 

17604(2) 

1.538 

1.456(1) 

14 

End 

1.633(4) 

1.538 

1.416(1) 

- 

♦♦--Indicates  which  cell. 

St 
t ?• 

2s 

End 

1 .513(4) 

1.466 

1.416(2) 


End 

1 .645(4) 

1.520 

1.425(1) 
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FIGURE  67 


A-  t 

. MUm  CELL 

♦ LU"  Cell 

* X 


paCk  NUHeER  IS  208* 

r&twis  fa- 


•*r  ,l*a? 

1.08  2 


3. *9  ». OJ 

,69  6.28  5 


'7  6.63  *.  1<*  9.?2 

5.85  7.60  8.92  10 


11.66  13.02  l*.*0 
,65  12.23  13.82 


Ul*  - 
1:1$  : 
l:»  : 


W ~ w 

• 96  - 

.93  - 

.90  - 

.87  - 

.86  - 

:W  : 

:i\  : 

.63  — • 

:|!  : 

.95  - 

:li  : 

:i$  : 

:$*  : 

8^  • 

:|?  - 


•• 

•• 

♦♦•••  •• 

♦ f 
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FIGURE  68 
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KEY 

. HIGH  CELL 

♦ LO"  CELL 

* AVERAGE 


PACK  NUMBER  JS  208A 
SHADG.  PERIOD  IS  V 
CYCLL  NUMbEK  IS 


c 

A 

P 

A 

C 

I 

T 

Y 

C 

E 

L 

L 

V 
0 
L 
T 
A 
6 
E 

S 

C 

A 

L 

E 


DISCHARGE  RATE 

,32  2.2*  <..16  ‘•.OE  8.01  9. 96  11.86  13.79 

1.28  3.20  5.1?  7.05  8.97  10.90  12.82  15.78 


1677. 

IS  8.0 


UQEC/C  77-134 


AMPERE  HOUR  OUT 


1.60 

1.57 

1.56 

1.51 

1.68 

1.65 

1.62 

1.60 

1.37 

1.36 

1.31 
1.28 
1.25 
1.22 
1.19 
1.16 
1.13 
1.10 
1.07 
1.06 
1.01 
.99 
.96 
.93 
.90 
.87 
.86 
.81 
.7e 
.75 
.72 
.69 
. 66 
.63 
.61 
.58 
.55 
.52 
.69 
• 66 
.63 
• 60 
.37 
.36 
.31 
.26 
.25 
.22 
.20 
.17 
.16 
.11 
.06 
.05 
.02 


* ' * * « 


♦*»  .. 


l.  15.  30.  <*6,  59.  73.  87.  102. 

8.  23.  37.  51.  66.  80.  95.  119. 


T1KF  IM  MINUTES 

CELLS  INCLUDED  A3  Vl  V2  V3  V6  V5 


FIGIHE  69 
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. Hit-  CELL 

* L0“  LtLL 

* A Vt»  -vjE 


CVCLfc  MUftbfR  IS  1635. 
DISCKAkGE  LATl  IS  8.0 


AMFEKt  HOUR  OIIT 


.32  2.25  A. IV  *.12  8.05  9.99  11.97  13.85  lb.il 

1.29  3.22  5.1s  7.09  9.02  10.95  17.89  1-.82  16.75 


-ft* 

- *«• 


L.Ol  - 

ill  : 

.93  - 

:1?  : 

.8*  - 

: 

:?!  : 
.69  - 
.66  - 

*6i  : 

; ! : 

:tl  : 
.*6  - 
.43  - 
.40  - 
.37  - 
.34  - 

li 

.17  - 


*»*»  .... 

♦ ♦ ft*  ft  • • 
♦♦•ft*  # 

♦♦•••ft 
• ft. 


1.  16.  30.  44.  59.  73.  88.  102.  119. 

9.  23.  37.  52.  66.  81.  95.  109.  124. 


TINE  IN  MINUTES 

CELLS  INCLUCCL  A3  Vl  V2  V3  V4  V5 


FIGURE  70 


% % 

II 

7* 
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KEY 

. Hi  OH  CELL 

♦ tO*  CELL 

• A .tRAGE 


PACK  NOHbEfc  IS  208A 
SHADC.A  PERIOD  IS  12 
CYCLE  NUM&Ffi  IS  2123. 
0 I 5CHA86E  RATE  IS  0.0 


KQEC/C  77-134 


C 

A 

P 

A 

c 

I 

T 

V 

c 

E 

L 

L 

V 
3 
L 
T 
A 
3 
E 

S 

C 

A 

L 

E 


.96 

.93 

.90 

.97 

.8* 


.72 
.69 
.66 
.63 
.61 
.58 
.55 
.52 
.*9 
.*6 
.A3 
• AO 
.37 
.34 


AMPEHE  HOOP  OUT 


.32  2.89  5.78  *.67  11.56  14.46 

.96  3.85  6.74  9.63  12.52  15.41 

1.93  4.81  7.70  10.59  13.48 


..60 

1.57 

.54 

.51 

1:8 
1.62 
1 .40 
1.37 
.34 
.31 

il 

.16 

..13 

1.10 

1.07 

.04 


‘:SJ  : 


:H  : 


ill  : 


:io 

.17 

.14 

.11 

.08 

.05 

.02 


. 20 

6; 

13. 


62.  63.  85.  106. 

27.  50.  70.  92.  114. 

34.  56.  78.  100. 

CELLS 


T1KF  

INCLUDES 


IN  ► i NOTES 
A3  Vl 


V2  W3  V6  W5 


FIGURE  71 


0 


KEY 

. HlO-  CELL 
► LO*  CELL 
* AV  t-.'.jt 


PACK  HVHbl*  IS  206A 
SHADOW  PERIOD  IS  13 
CYCLE  NU*utk  IS  2 


0 1 SCHAkGE  RATE  IS 


2*02. 

O • C 
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.32  2.C*  5.13  ".02  12.6*  15. 72 

1.28  3.21  6.09  8.96  13.60 

1.60  *.17  7.°6  9.9*  l*.7fc 


AMPERE  HOOP  flllT 


c 

A 

P 

A 

c 

I 

T 

Y 

c 

E 

L 

L 

V 
0 
L 
T 
A 
6 
E 

S 

C 

A 

L 

E 


1.60  - 

1.57  - 

1.5*  - 

1.51  - 

l.*e  - 

l.*5  - 

1**2  - 

l.*0  - 

1.37  - 

1.3*  -• 

1.31  -♦ 

hi?  : 
1.22  - 
1.19  - 

1.16  - 
1.13  - 

t.10  - 

1.07  - 

1.0*  - 
1.01  - 
.99  - 

.96  - 

.93  - 

.90  - 

.87  - 

.a*  - 
.ai  - 

.78  - 

.75  - 

.72  - 

.*9  - 

:$?  : 

: 

.55  - 

.52  - 

.*9  - 

.*6  - 
.*3  - 

.60  - 
.37  - 

.3*  - 

.31  - 

.28  - 
.25  - 

.22  - 
.20  - 
.17  - 

.1*  - 
.11  - 
.08  - 
.05  - 

.02  - 


1<2  37.  59.  100.  12 

Jy  yn  23.  *5 . 66.  107. 

”l3  30*  57.  73.  ll*. 

•3  O 

§5 
* 6 


TIME  IN  MINUTES 

cells  included  vi  v2  vs  v*  vs 


FIGURE  72 


* 35 


171 


KEY 

. hJOH  CELL 
LO«  CELL 
AVERAGE 


*52  73*J*  7.J1  11.27  15.14 

*17«  *!3.,8*70.,12*57 
2*25  6.12  5.'»9  13.85 


Usil°X 

CYCLE  NUMBER  15  2584. 

DISCHARGE  1AT£  IS  8.0 


AMPERE  hour  out 


WQEC/C  77-134 


r. , , Tiff  IN  MINUTES 

CELLS  INCLUDE!/  VI  V2  V3  V4  V5 


FIGURE  73 


t 
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o 


80 


o 
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KEY 

• avl  ini. 

• ave  cell 

. AVt  CELL 
1 AVt  AU7- 
B AVt  AOX . 
X PRESSURE 
Y PRESSURE 

J!SCY”>'->GE  V< 
VOLTAGE  AT 

VOL*  AG?  AT 

TRANS.  »T 

SCALt-l 

SCALt-2 

C VOLTS 
1.58* 

AUX  HV  - — 
.17  - 

1.5*8 

.16  - 

1.510 

1 1 1 1 1 
* 

• 

1 .*73 

.13  ~ 

l.*35 

.12  ~ 

1.398 

.11  * 

1.360 

.09  ~ 

1.323 

.08  Z 

1.286 

.07 : 

1.2*8 

iiil 

•6 

D 

• 

1.211 

,o* : 

1.173 

.03  z 

1.126 

.02  - 

SYflCrtfiONOUS  OHfclT  SHA20*  PLOT 
PACK  s 206A 


depth  DISCHARGE 
TEHPERATOftE  00 

ili¥kKsil|Us|.,w;4oo.>.‘* 

PROJECT  at!  e/6  (Prototype) 


SHADOK-05 


B BB 

6 B b B 
B 0 BB  . 

..  BB 


BB 

BBBBB  BB 


Ji- 
ll 
11 

11 


SHADG"-06 


.11.. 

11 


SHAPW-07 jJf.PjiA^ 


-3 


B 


11 

11 


♦ ♦♦♦ 


B B 

BB  B • 

B B B BB  B 
b B B • B • 
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//76  PAC«.  r.jHbtk  IS  208A  SHAtlC*  PtrflGD 

CELL-"  LELL-V  LELL-V  CELL-V  CELL-V  CELL-V 


A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 


.01?  » 
.00*  vl 
.006  vl 
.30'  Vl 
,.)0°  Vl 
.01’  V 1 

!oi»  vi 
.01*  Vl 

.01*  vl 

.01*  Vl 
.01*  vl 
.01*  vl 
.017  vl 
.01'  vl 

.017  Vl 
.OlB  Vl 
*.01 
.01 

.Cl  . . 

Iol°  Vl 

•.CIO  Vl 

.01°  Vl 

Ioi°  vi 

Iol°  Vl 
.01°  Vl 
:oi'>  vi 
*02°  Vl 
.02°  Vl 
.02°  Vl 
Ic2’  Vl 
*.021  Vl 
.02’  Vl 
.0 2?  Vl 
Io2?  Vl 
.02 * Vl 
Io2*  Vl 

*02'  vi 

Io2*  Vl 
l02‘  Vl 
Io2*  Vl 
.02*  Vl 
*02*  Vl 
*.02-  Vl 
:02"  Vl 


Vl 

Vl 

Vl 


1.321  V 2 
1.295  V2 
1.276  V2 

1.267  v2 
1.260  V2 
1.255  v2 
1.252  V2 
1.269  V2 
1.266  v2 
1.2*3  V2 
1.239  v2 
1.236  V2 
1.233  V2 
1.229  V2 
1.226  V2 
1.223  V2 
1.220  V2 
1.216  V2 
1.213  V2 
1.209  V2 
1.206  V2 
1.202  V2 
1.168  V2 
1.196  V2 
1.189  V2 
1.185  V2 
1.179  V2 
1.176  V2 

1.168  V2 
1.163  V2 
{ 159  V2 
1.155  V2 
1.152  V2 

1.169  V2 
1.166  V2 
1.163  V2 
1.139  V2 
1.135  V2 
1.130  V2 
1.122  V2 
1.109  V2 
i .089  V2 
1.069  V2 

i960  V2 


1.319 

1.29' 


V3 
V 3 


..296 
1.278  Vi 
1.268  V 3 
1.261  V 3 
1.257  vi 
1.253  V 3 
1 .250  V 3 
1.266  Vi 
1.263  Vi 
1.2*0  Vi 
1.236  V 3 
1.233  V 3 
1.23C  V 3 
1.227  Vi 
1.223  V3 
ll220  V3 
1.217  V3 
1.213  V 3 
ll210  V3 
1.206  V 3 
1.202  V3 
1 1 198  V 3 
1.193  V3 
1.189  V3 
1.183  V3 
1 1 1 78  V3 
ll 172  V3 
1.166  V3 
1.159  .3 
1 1 153  V3 
1.166 
1.137 
1.12' 
i.m  v 3 
I.C93  V3 
1.381  V3 
1,069  V3 
ll059  V3 
..068  V 3 
ll039  V3 
1.029  V 3 
1*018  V3 
I 500  V3 


’vl 

V3 


1.316  V6 
1.296  V6 
1.278  w 6 
1.268  V6 
1.261  V6 
1.257  V6 
1.253  V6 
1.250  V6 
1.267  v6 
1.2*3  V6 
1.260  V6 
1.237  V 6 
1.236  v 6 
1.230  V6 
1.227  V6 
1.226  V 6 
1.221  V6 
1.217  V 6 
1.21**  96 

1.211  V6 
1.207  V6 
1.203  V6 
1.199  96 
1.195  V6 
1.190  V6 
1.185  V6 
1.179  V 6 
1.173  V6 
1.167  V 6 
1.160  V6 
1.153  V6 
1.166  96 
1.136  V6 
1.120  V6 
1.103  V6 
1.090  V 6 
1.079  V6 
1.068  V6 
1.058  V6 
1.068  V 6 
1.038  V6 
1.028  V6 
1.018  V 6 
,6<}0  V6 


1.319  v 5 
1.296  V5 
1.277  v5 
1.267  V5 
1.260  95 
1.256  v5 
l • 2 v2  V5 
1.269  v5 
1.265  V5 
1.262  v5 
1.239  V5 
1.236  V| 
1.232  V5 
1.229  V5 
1.226  V5 
1.223  V5 
1 1 2 1 9 V5 
1.216  V5 
1.213  V5 
ll210  V5 
1.206  V5 
1.202  V5 
1.198  V5 
1.196  V5 
1.189  V5 
1.186  V5 
1.179  V5 
1.173  V 5 
1.168  V5 
1.162  V5 
ll  157  V5 
1.152  V5 
1.166  V5 
1.139  V5 
1.129  V 5 
1,116  V5 
lllOO  V5 
1 .085  V5 
1.072  V 5 
1.059  V5 
1 I 06 5 V5 
ll033  V5 
1 1 0 2 1 V5 
1 720  V5 


1.322 
1.297 
1.280 
1.270 
1.263 
1.259 
1.255 
1.252 
1.269 
1.265 
1.262 
1.239 
1.236 
1.232 
1.229 
1.226 
1.223 
1.219 
1.216 
1.212 
1.209 
1.205 
1.201 
1.197 
l!  192 
1.187 
1.182 
1.176 
1.170 
1.163 
1.157 
1.151 
1.166 
1.135 
1.121 
1.106 
1.089 
1.078 
1.066 
1.051 
1.039 
ll027 
ll0l6 
.660 


IS  9 

CELL-V 

.000 

.000 

.000 

• OoO 
.000 
.000 
.OoO 
.000 

• LOO 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.uoo 
.000 
.000 
.000 
.000 
.000 


cycle:  is  167  7. 


WQEC/C  77-134 
page  IS  is. 


CELL-V 

.300 

.000 

• 000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
. 0 00 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 


AvE-V 

1.320 

1.295 

1.278 

1.268 

1.261 

1.857 

1.253 

1.250 

1.267 

1.263 

1.260 

1.237 

1.236 

1.230 

1.227 

1.226 

1.221 

1.217 

1.216 

1.210 

1.207 

1.203 

1.199 

1.195 

1.190 

1.185 

1.179 

1.176 

1.168 

1.161 

1.156 

1.150 

1.163 

1.133 

1.121 

1.109 

1.098 

1.087 

1.077 

1.066 

1.056 

1.061 

ll07B 

.662 


MOM-V 

1 .322 
1.297 
1 .280 
I .270 
1.263 
1.259 
1.255 
1.252 
1.2*9 
1.265 
I .262 
1.239 
1.23c 
1.232 
1 .229 
1.226 
1.223 
1.219 
1.216 
1 .212 
1.209 
1.205 
I .201 
1.197 
1.192 
1.187 
1.182 
1.176 
1.170 
1.163 
1.159 
1.155 
1.152 
1.169 
1.166 
1.163 
1.139 
1.135 
1.130 
1 .122 
1.109 
1 .089 
1 .069 
.960 


LO»-V 

1.319 

1.29* 

1.277 

1.267 

1.260 

1.255 

1.252 

1.269 

1.265 

1.262 

1.239 

1.236 

1.232 

1.229 

1.226 

1.223 

1.219 

1.216 

1.213 

1.209 

1.206 

1.202 

1.198 

1.193 

1.169 

1.183 

1.178 

1.172 

1.166 

1.159 

1.153 

1.1*6 

1.136 

1.120 

1.103 

1.090 

1.079 

1.068 

1.058 

1.068 

ll0|8 

1.027 

1.016 

.690 


4 
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kUN  IS  l* 8/27/76  PACK  NUMCEk  IS  208A  SHAt&k  PER I 00  IS  10  C7CLE  IS 

AMPS  CELL-*  CELL-V  CEU.-V  CELu-V  CELL-V  CfLL-V  CFLL-V  CELL-V 


WQEC/C  77-134 
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2.255 
2.57  1 
2.900 

l:iil 

3.86T7 

fc.189 
A. 511 
6.833 
5.155 
5.677 
5.799 
6.121 
6.643 
6.165 

7.08' 

7.605 
7.731 
8.053 
8.375 
8.697 
9.019 
9.361 
9.663 
9.986 
10.308 
10.630 
10.952 
11.276 
1 1.596 
11.918 
12.262 
12.565 

13.209 

13.531 

13.853 

16.175 

16.49' 

16.819 

15.162 

15.787 

16.109 

16.431 

16.753 


.001  VI 

.001  vl 

.00?  Vi 
.007  yl 
.007  71 
.007  ji 

.oo i n 

• Clu'  7 1 
.00'’  Vl 
.009  vt 
.00’  vl 

.009 
.00’  vl 
.00’  .1 
.006  wl 
.006 
.00*  .1 
.00*  Vl 
.00*  Vl 
.00*  vl 
.00*  Vl 
.00*  vl 
.00*  Vl 
.00*  .1 
.00*  ,1 
00*  Vl 
.00*  Vl 
.00*  Vl 
.00*  Vl 
.00*  Vl 
.00*  Vl 
.007  Vl 
.007  V1 
.CO*  Vl 

loo”  vl 
,00*»  V l 
.00°  vl 

Icoo  V1 

.00«  Vl 
.OO11  Vl 
loo*  Vl 
.00*  Vl 
.OO"  Vi 
.00°  Vl 
.01"  vl 
.017  Vl 
.01*  Vl 
.02*  Vl 
.02°  Vl 
.03*  vl 
.06*  Vi 


1.319  V? 
1.256  V< 
1.280  v2 
1.270  y2 
1.26*  V2 

1.255  v2 

1.256  V2 
1.252  v2 
1.269  v2 

i:itl 

1.238  V2 
1.23*  v2 
1.231  v / 
1.228  V2 
1.226  v2 
1.221  v2 
1.218  V2 
1.215  V2 
1.211  v2 
1.2C7  V2 

1.20*  v2 

1.200  V 2 
1.195  V2 
1.192  V2 
1.187  V2 
1.183  V2 
1.178  72 
1.173  V2 
1.168  V2 
1.166  72 
1.160  72 
1.157  V2 
i . 1 55  V2 
1.152  /2 
1.150  V2 
1.1*7  v2 

1.166  v2 

1.160  V2 
1.135  V2 
1.127  v2 
l.ll*  v2 
1.092  V2 
1.076  V2 
1.058  V2 
1.061  V2 
1 .025  V2 
.997  V2 
.576  72 
.968  V2 
.*85  V2 


1.318  vi 
1.296  V3 
1.282  vS 

1.276  v 3 
1.268  V 3 
1.263  v 3 
1.259  v 3 
1.255  V3 
1.251  73 
1.2*7  v 3 
1.2*3  v 3 

1.4*0  V3 
1.237  v 3 
1.233  v3 
1.230  73 
1.227  v3 
1.226  v3 
1.221  v3 

1.217  v3 
1.21*  V 3 
1.21C  73 
1.206  7 3 
1.202  .3 

i.ive  vs 

1.196  V3 

1.185  73 

1.186  V 3 
1.178  23 
1.172  7 3 
1.167  V 3 
1.181  V3 
1.155  V3 
1.1*8  73 
1.139  V3 
1.126  V3 
1.110  73 
1.058  V 3 
1.087  V3 
ll07t  73 
1.066  .3 
1.057  V3 
1.068  V3 
1.039  V3 
1.03i  V3 
1.021  V3 
1.008  73 

.589  73 
.931  V3 
.861  V3 
.625  V3 
.112  V3 


1.318  V* 
1.296  V* 

1.282  v* 

1.273  v* 
1.267  v4 
1.263  V- 
1.259  V4 
1.255  V* 
1.251  .4 
1.247  V6 
1.243  v* 
1.240  v4 
1.236  v 4 
1.233  v* 
1.230  v* 
1.227  v4 
1.224  74 
1.221  74 
1.217  74 
1.21*  V* 
i . 2 10  .4 
1.205  .4 
1.203  74 
1.158  ¥4 
1.194  V4 
1.189  74 
1.18*  74 
1.176  V4 
1.172  V4 
1.166  74 
1.160  V4 
1.153  74 
1.145  74 
1.133  V 4 
1.117  V4 
1.103  74 
1.093  74 
1.082  V4 
1.073  V 4 
1.063  v4 
1.05*  74 
1.066  76 
1.036  76 
1.030  V6 
1.021  V6 
1.008  74 
.985  74 
.937  V4 
.868  74 
.607  V4 
. 1 70  V 4 


i:14Z  ft 

1.279  .5 
1.269  ,5 
1.263  V 5 
*.259  78 
1.255  v'5 
1.251  .5 
1.247  v5 
1.2*4  .5 
1.2*0  7 5 

1.236  .5 
1 . 3 3 v 5 
1.230  .5 
1.227  v5 
1.226  75 
1.221  v5 
1.217  v 5 
1.214  v‘- 

1.211  w 5 
1.207  v5 
1.203  V5 
1.200  75 
1.196  V5 
1.19;  V‘ 
1.187  * > 
1.162  .5 
1.1 77  V5 
1.171  V5 
1.167  V5 
1.162  75 
1.157  V5 
1.153  V5 
1.1*7  V5 
1.1*1  v5 
1.132  V5 
1.120  .5 
1.105  75 
1.091  V5 
1.079  V5 
1.067  75 
1.055  V5 
1.044  V5 
1.03*  75 
1.024  V5 
1.014  75 
1.001  V5 
.964  V5 
.938  75 
.678  V5 
.534  V5 


1.258 
1.254 
l .250 
1.247 
i.2*3 

1.236 

1.23’ 

1.230 

1.227 

1.72* 

. 


1.318 

1.296 

1.281 

1.272 

1.766 

1.261 

1.457 

1.253 

1.250 

1.246 

1.447 

1.239 

1.235 

1.43? 

1.279 

1.426 

1.223 

1.419 
1.216 
1.213 
1.209 
1.205 
1.401 
1.197 
1.193 
1.168 
1.183 
1.176 
1.172 
1.167 
1.167 
1.166 
1.151 
1.144 
1.134 
1.123 
1.113 
1.102 
1.093 
1.08  3 
1.073 
1.063 
1.051 
1.040 
1.029 
1.016 
.999 
.958 
.916 
. 791 
.50? 


1.370 
1.79  7 
1.783 
1 .7  74 
1.766 
1.763 
1.759 
1.755 
1.751 
1 .747 
1.743 
1.740 
1.737 
1.733 
1 .730 
1 ,/?7 
1.77* 
1.771 
1.717 
1.714 
1.710 
1.706 
1.703 
1.198 
1.194 
1.189 

1.184 

1.179 

1.174 

1.168 

1.164 
1.160 
1.157 

1.165 
1.167 
1.160 
1.147 
1.144 
1.140 
1.135 
1.177 
1.114 
1 .09? 
I .074 
1 .068 
I .041 
1 .075 

.997 

.976 

.948 

.886 


i:5  K 

1.779 
1.269 
1.763 
1.759 
1.256 
1.251 
1.7*7 
1.7*4 
1.240 
1.236 
1.733 
1.730 
1.727 
1.224 
1.221 
1.217 
1.214 
1.211 
1.207 
1.203 
1.200 
1.195 
1.191 
1.187 
1.167 
1.177 
1.171 
1.166 
1.160 
1.153 
1.1*5 
1.133 
.11? 
1.103 
1.093 
1.08? 
1.073 
1.063 
1.054 
1.04e> 
1.038 
l.o3o 
1.021 
1 .008 
.989 
.931 
.861 
.607 
.117 


n 


DATE  of 

7l"£ 

Ul{> 
Ui'. 
1< .2*. 
U31. 
U3«S. 

1665. 

1653. 

1500. 

150'. 

151*. 

1521. 

I ‘,2*. 
Ai3t. 
1563. 
1550. 
155'. 
1605. 


*1/1  IS  ''0/10/76 

A HP 5 CELL-” 


.321 
.963 
1.926 
2.889 
3.852 
6.815 
5.778 
6. 74. 1 

7.70* 

3.667 

9.630 

10.593 

11.556 

12.519 

13.682 

16.665 

15.608 


il 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 

A3 


:Ul 

.00* 

.006 

.00* 

.00* 

.00* 

.00* 

too* 

.oil 

tol* 

:2U 

tool 


PAC*.  NUMBER  IS  2O6A 


CELL-V 


CELL-V 


"1 

Vl 

vl 

vl 

vl 

vl 

vl 

Vl 

vl 

vl 

Vl 

Vl 

Vl 

vl 

Vl 


V2 

V2 

V2 


1:Ht 

1.251 

1.261  V/ 

1.231  V2 
1.221  V2 
1.212  ji 

1.202  v2 
1.190  V2 
1.175  V2 
1.157  V2 
1.166  V2 
1.129  V2 

i.oei  v 2 

1.036  V2 
.983  V2 
.899  V2 


V'3 


ttw 

1.256 
1.266 
1.236  v3 
1.22*  v3 
1.215  v3 
1.206  43 
1.190  V 3 
1.173  V3 
it  150  V3 
it  105  V3 
1.066  V3 
1 .035  V3 
.955  V 3 
.876  V3 
.263  V3 


CtLL-v 

itl^4 

1.255 

1.266 

1.233 

1.226 

1.216 

1.203 

1.190 

1.173 

1.162 

1.051 

1.05b 

1.036 

1.002 

.909 

.633 


SMACCb  PERIOD  IS  12 


CELL-V 


V6 
V6 
V* 
V6 
V 6 
V* 

V6 

V* 

v* 

V6 

V6 

V6 

V6 

V6 

V6 

V6 

V6 


:1'5 


13 
:!24  5? 

,230  ' 

,221 
,211 
,200  <5 
,187  V5 
,170  V5 
.161  V5 
,096  V5 
.002  V5 
,036  V5 
.012  ‘ 
955 


V5 

V5 

V5 


Vi 
V| 
.766  V5 


CELL-V 

1.323 

1.279 

1.256 

1.263 

1.233 

1.226 

1.216 

1.203 

1.191 

1.173 

1,163 

1.096 

1.057 

i.o§6 

.980 

.890 

.566 


CfLL-V 

.000 

.000 

.000 

.OUO 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


CVCLE  IS 
CELL-V 

• ooo 
.000 
.coo 
.000 
.000 
.000 
*000 
TOoo 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 


2123. 

AVE-V 

it 

1.253 
1.262 
1.237 
1.273 
1 .<  1 3 
1.202 
1 . *90 
1.173 
1.167 
1.106 
1.076 
1.062 
1.005 
.573 
.577 


WQEC/C  77-134 
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KlGH-V 

1.373 
I .779 
1.756 
1.766 
1.736 
I .776 
1.715 
1.706 
1.191 
1.175 
1.157 
1.166 
1.175 
I . OH  1 
1 .036 
.983 
.899 


LOH-V 

It!}? 

1.751 
1.760 
1.730 
1.221 
1.711 
1.200 
1.167 
1.170 
1.  16| 
1.091 
1.057 
1.026 
tveo 

.876 

.763 


r 


DATE  or  HON  IS  09/10/76 
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.000 

• ooo 

V6 

1.226 

75 

1.229 
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.000 

76 

1.087 

75 

1.088 

. 

.000 
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75 
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.000 

.000 

.000 

V6 

. 7S0 

75 
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.000 

.000 

.000 
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2602. 

PAGf 

IS 

AVE-V 

HlfiH-V 

LGM-V 

1.326 

1.325 

1.322 

1.268 

1.260 

1 .272 
1 .266 

1:82 

1.250 
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1.266 

1.239 

1.266 

1 .235 

1.230 

1 .276 
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1.226 

1.217 

1 •< 
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i. 
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.999 
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.970 
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3.  Pack  209A,  5-cells 
a.  Cell  information: 


(Same  as  Pack  207A,  Section  V.  C.  1.) 


t.  Parameters: 


Depth  of  Discharge  (%) 
Charge  Control 
Charge  Current  (amps) 
Discharge  Current  (amps) 
Tomner'fltLire  (°C) 


60 

AE 

3.0 

6.0 

20 


Float/Trickle  Current  (amps) 
Auxiliary  Electrode: 
Resistance  (ohms) 

Trip  Voltage  (mv) 


.20 

300 

300 


♦--Cells  3,  4 and  5. 


H auu  v*  __  v 

c.  capacity  checks:  (Discharge  to 

^ ^ i r 1 


Shadow  5 
Shadow  6 
Shadow  7 
Shadow  8 
Shadow  9 
Shadow  10 
Shadow  11 
Shadow  12 
Shadow  13 
Shadow  14 


(Figure  82) 
(Figure  83) 
(Figure  84) 
(Figure  85) 
(Figure  86) 
(Figure  87) 

(Figure  88) 
(Figure  89) 
(Figure  90) 


Cell 

1 

1.010 
.995 
.991 
.970 
.958 
1.027 
1.006 
.789 
1.005 
.945 


Cell 

2 

.960 
.937 
.947 
.930 
.838 
1.025 
.999 
.990 
.991 
.980 


Cell 

3 

.961 

.934 

.918 

.882 

.141 

1.008 

.906 

.984 

.874 

.974 


Cell 

4 

1.001 

.986 

.977 

.953 

.910 

.995 

.907 

.281 

.358 

.047 


Cell 

5 

.345 

.357 

.451 

.402 

.200 

.085 

.178 

.153 

.391 

.868 


ah 

out 

15704 

14.64 
14.40 
14.45 
13.84 
12.77 
12.77 

12.64 
11.93 
11.67 


d.  Test  results  during  Eclipse  Seasons:  (Figures  91  to 

(1)  Average  End  of  Discharge  Voltage 

average  5?l“".lU  the  day  following  the  capacity 

check  during  period 

j .£  charqe  voltages  were  always  9 npxt  6 periods  as  the  trip 

f irs?f 7 periods.  This  was  e^d  the  trip  voltages  were  only 

vimges'were  higher.  Then  during  period  As  indicative  of  the 

higher  at  the  beginning  at  the  e do  vQltJges  at  the  beginning  of 

CThWSpS^  » 4 

days'dur i n^the^  1 ast^ peri od  (14)  before  the  electrodes  regained  their 
sensitivity. 
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(3)  The  end  of  charge  pressures,  at  the  beginning  of 
periods  5 through  8,  were  100  psia  or  higher.  They  began  to  decease  as 
the  auxiliary  electrodes  regained  their  sensitivity.  During  period. 

9 through  14,  the  pressures  have  remained  constant  throughout  the 
periods  even  though  the  trip  voltages  have  gotten  very  high  at  the 
beginning  of  each  period. 

(4)  Ampere-Hours  In  at  Trip:  During  the  middle  portion 

of  the  last  shadow  period,  the  ampere-hours  in  at  trip,  were  less  than 
the  ampere-hours  out  during  the  preceding  discharge.  Prev }°usly ’ t 
ampere-hours  in  at  trip  were  always  greater  during  the  middle  portion 

of  the  shadow  periods. 
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e Performance  during  Sun  Periods:  The  pack  began  test  with  a shadow  period  and  has  now 

completed  14  sun  periods.  The  pressures,  cell  1,  have  not  exceeded  15  psia  during  any  period.  Beginning 
with  period  8,  various  cells  have  exhibited  high  voltages  at  the  start  of  the  sun  Periods.  Following  is 
listing  of  the  high,  average  and  low  cell  voltages  at  the  start  and  end  of  sun  periods  5 through  14. 

Sun  Periods 


5 

Voltages**  Start  End 

High  17417(4,5)  1.405(2) 

Average  1.415  1.402 

Low  1.411(2)  1.399(4) 


6 

Start  End 

l7W(5)  1.402(2) 

1.404  1.400 

1.400(1)  1.396(5) 


7 

Start  End 

1.407(5)  1.404(2) 

1.403  1.399 

1.400(3)  1.390(5) 


8 

Start 

17460(3,4)  1 

1 .436  1 

1.413(1)  1 


Voltages 

High 

Average 

Low 


9 

Start  End 

17455(2)  1.416(5) 

1.424  1.405 

1.404(4)  1.395(1) 


10 

Start  End 

1.485(4)  1.377(5) 

1.436  1.367 

1.409(5)  1.346(2) 


11 

Start  End 

1 .518(5)  1.391(1) 

1.471  1.381 

1.434(4)  1.368(4) 


12 

Start 

17528(3)  1 

1 .442  1 

1.397(1)  1 


Voltages 

High 

Average 

Low 


13 

Start  End 

17481T3)  1.401(1) 

1.413  1.370 

1.380(4)  1.353(4) 


14 

Start  End 

17*5312)  1.401(1) 

1.424  1.391 

1.397(1)  1.380(4) 
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End 

398(2) 

394 

382(5) 


End 

.386(1) 

.369 

.358(4) 


** — ()  Indicates  which  cell. 
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4.  Pack  21 OA,  5-cells 

a.  Cell  information:  (Same  as  Pack  207A,  Section  V.  C.  !•)• 


b.  Parameters: 

Depth  of  Discharge  (%)  80 

Charge  Control  AE 

Charge  Current  (amps)  3.0 

Discharge  Current  (amps)  8.0 

Temperature  (°C)  20 


Float/Trickle  Current  (amps) 
Auxiliary  Electrode:* 
Resistance  (ohms) 

Trip  Voltage  (mv) 


.20 

300 

300 


♦--Cells  1,  2 and  5. 

c.  Capacity  checks:  (Discharge  to  .50  volts  any  cell). 


Cell 

1 

Shadow  5 (Figure  99)  .541 

Shadow  6 (Figure  100)  .635 

Shadow  7 (Figure  101)  .828 

Shadow  8 (Figure  102)  .946 

Shadow  9 (Figure  103)  .338 

Shadow  10  (Figure  104)  .263 

Shadow  11  ** 

Shadow  12  (Figure  105) 

Shadow  13  (Figure  106) 

Shadow  14  (Figure  107) 


Cell 

Cell 

Cell 

Cell 

ah 

2 

3 

4 

5 

out 

.979 

.569 

.905 

.303 

13.80 

.989 

.902 

.876 

.161 

13.46 

.997 

.954 

.920 

.452 

12.98 

.996 

.980 

.952 

.499 

13.36 

1 .133 

1.130 

1.093 

1.100 

10.22 

1.193 

1.193 

1.190 

1.185 

6.02 

.983 

.867 

.765 

-.080 

11.80 

.512 

1.005 

.975 

-.205 

12.16 

.664 

1.023 

.958 

.141 

11.13 

.585 

.971 

.685 

.412 

12.04 

**--Cell  1 leaking,  removed  prior  to  shadow  11. 


d.  Test  results  during  Eclipse  Seasons:  (Figures  108  to  il5). 


(1)  Erratic  data,  shown  during  periods  9 and  10,  is  due 
to  the  "drying  out"  of  cell  1.  Its  pressure  assembly  was  bumped,  during 
the  sun  period  prior  to  shadow  9,  which  caused  the  weld  at  the  base  o 
the  fill  tube  to  break.  This  cell  had  low  end  of  charge  readings  and 
unreliable  pressure  readings.  The  cell  was  removed  from  the  pack  prior 
to  the  start  of  shadow  period  11. 


(2)  Average  End  of  Discharge  Voltages: 
effect,  due  to  the  capacity  checks,  can  be  seen  for  all 
except  periods  9 and  10.  The  average  voltage  increased 
the  day  following  the  capacity  check  during  period  14. 


The  reconditioning 
the  shadow  periods 
by  34  millivolts 
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(3)  Average  Cell  Voltages  at  Trip  and  End  of  Charge:  During 

the  first  7 periods,  the  voltages  at  trip  were  lower  than  those  at  the  end 
of  charge.  During  period  8,  this  condition  began  to  reverse,  and  during 
the  last  6 periods  the  voltages  at  trip  were  higher.  High  trip  voltages  at 
the  beginning  of  each  period  appears  to  be  due  to  the  auxiliary  electrodes 
becoming  desensitized"  during  the  preceding  sun  period.  This  condition 
would  last  from  2 to  8 days  except  during  the  last  3 periods  as  the 
voltages  at  trip  remained  high  throughout  the  periods.  The  end  of 
charge  voltages  have  been  steadily  increasing  during  the  last  3 periods. 
During  shadow  11,  cell  2,  began  to  exhibit  a high  end  of  charge  voltage. 

This  can  be  seen  in  the  following  paragraph,  which  lists  the  voltages  at 
the  beginning  of  each  sun  period. 
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e.  Performance  during  Sun  Periods:  The  pack  began  test  with  a shadow  period  and  has  now 

completed  14  sun  periods.  The  pressures,  cell  1,  never  exceeded  15  psia  during  any  sun  period  prior  to 
period  8 when  its  pressure  assemble  began  leaking.  Following  is  a listing  of  the  high,  average  and  low 
cell  voltages  at  the  start  and  end  of  sun  periods  5 through  14. 

Sun  Periods 


Voltages*** 

Start 

End 

Start 

End 

Start 

End 

Start 

End 

High 

1TTT4T3) 

1.402(4) 

1.403(3) 

1.400(4) 

17409(3) 

i.399(4) 

1.415(2) 

1.402(4) 

Average 

1 .412 

1.397 

1.400 

1.394 

1.407 

1.390 

1.408 

1.387 

Low 

1.411(1) 

1.393(3) 

1.397(5) 

1.387(3) 

1.405(5) 

1.380(2) 

1.407(1  ) 

1.371(2) 

9 

10 

11 

12 

Voltages 

Start 

End 

Start 

Ena 

Start 

End 

Start 

End 

High 

17428(2) 

1.380(3) 

17415(2) 

1 .461 (4) 

1.536(2) 

1.393(4) 

1754412) 

1.366(4) 

Average 

1 .409 

1.373 

1.407 

1.435 

1.461 

1 .380 

1.469 

1.358 

Low 

1.394(1) 

1.362(2) 

1.400(1) 

1.412(3) 

1.415(3) 

1.371(2) 

1.424(3) 

1.339(2) 

13 

14 

Voltages 

Start 

End 

Start 

End 

High 

17536(2) 

1.375(4) 

17583(5) 

1.399(4) 

Average 

1.465 

1.366 

1.526 

1.389 

Low 

1.409(3) 

1.358(2) 

1.423(3) 

1.381(3) 

O o 

***--()  Indicates  which 

i cell . 

t*)  x 

5 S 

f.  Cell  Analysis:  Cell  1 was  sent  to  GSFC  for  analysis. 
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DATE  OF 

Tl«t 

l. 
6. 
6. 
8. 
10. 
12. 
16. 
16. 
1#. 
20. 
22. 
26. 
26. 
26  . 
JO. 
32. 
3*. 

36. 

38. 

60. 

62. 

66. 

66. 

68. 

50. 

52. 

56. 

56. 

58. 

60. 

62. 

66. 

66. 

68. 

70. 

72. 

76. 

76. 

78. 

80. 

82. 

86. 

86. 

86. 

90. 

92. 

96. 

96. 

,28: 


HUN  15  08/27/76  NuHb*R  ,S 

AHP5  CELL-”  CELL-V  CtLL-W  CLLL-V 


SHADOA  PERIOD 


.767 
1. 03» 

1.306 
1.578 

I. 651 
2.126 
2.397 
2.666 
2.932 
3.200 
3.669 
3.739 
6.009 
6.277 
6.563 
6.80? 
5.076 
5.363 
5.610 
5.878 
6.165 
6.613 
6.681 
6.969 
7.217 
7.685 
7.756 
8.023 
8.293 
8.562 
8.832 
9.101 
9.369 
9.638 
9.638 

10.173 

10.661 

10.708 

10.975 

II. 262 
11.508 
11.776 
12.060 

12.306 
12.671 
12.836 
13.101 
13.365 


$1 

Vl 

Vl 

V 

V 

V 

V 

V 

V 

V 

V 

V 

Vi 

vl 

vl 

vi 

vl 

vl 

vl 

vl 

v! 

vl 

V 
vl 

$1 

vl 

V 

V 

vl 

Vl 

Vl 

V- 

vl 

Vl 

Vl 

Vl 

Vl 

V 

V 

V. 

vl 

Vl 

vl 

Vl 

Vl 


1 - 31?  V2 
1.29’  V2 
1.287  V2 
1.27-  V2 
1.27"  V2 
1.26-  V2 
1.26"  V2 

1.25-  V2 
1.25'  V2 
1.25"  V2 

1.26-  v2 
1.26*  v2 
1.26"  v2 


V2 

V2 

V2 

V2 

V2 


U23' 

ll231 

1:1  ; .. 

ill  1®  v2 
1.215  V2 
1.217  v2 
1 .20°  v2 
1.20-  v2 
1.20’  v2 
.19°  v2 
.19-  v2 
.18?  V2 

:ig  v| 

:i66  y2 

.157  V2 
.15"  V2 
.16'  V2 
.16'  V2 
.13-  V2 
..12-  V2 
1.11*  V2 
1.101  V2 
1.08-  V2 
1.07'  v 2 
1.05?  V2 
1.06-  V2 
1.03'  V2 
1.01°  V2 
1.00-  v2 
.98-  V2 
.96-  V2 


1.316  V3 
1.296  V 3 
1 .2b 7 V 3 
1.280  v 3 

1.276  v 3 
1.269  V3 

1.266  V3 

1.260  V 3 
1.258  V3 
1.253  V3 
1.250  V3 

1.267  V3 
1.263  V 3 

1.261 


U238  V3 

1.22 


1.317  V * 
1.297  V* 
1.286  V6 
1.281  V6 
1.276  V* 
1.271  v6 
1.26/  V6 
1.262  V6 
1.259  V6 


..235  v3 
1.231  V 3 
1.229  V3 
1.226  V3 
1.223  V3 
1.220  V 3 
1.217  v 3 
1.212  V3 
1.211  V 3 
.207  V 3 
.202  V3 
.199  V3 
.195  v3 
.190  v 3 
• 186  V3 
.181  V 3 
.175  V3 
.170  V3 
.165  V3 
.159  V3 
..152  V3 
1.151  V3 
1.166  V3 
1.137  V 3 
1.123  V 3 
1.103  V3 
1.089  V3 
1.076  V3 
1.063  V3 
1.051  V3 
1.039  V 3 
1.030  V3 
1.019  V3 
1.009  V3 
.996  V3 


*:1B 


V6 

V6 


1.250  V* 
1.267  V- 
1.262  V- 
1 .260  V* 

i:||S  £ 

U229  v6 
1.226  V6 
1.222  V6 
1.220  V6 
1.216  V6 
1.212  V6 
1.209  V6 
1.205  V6 
1.20C  V6 
1.198  V 6 
1.192  V6 
1.188  V6 
1.183  V6 
1.179  V6 
1.172  V 6 
1.167  V6 
1.161  V 6 
1.156  V6 
1.153  V6 
1.166  V6 

ilut  W 

1:087  « 
1.072  V6 
1.059  V6 
1.066  V6 

1.033  V6 
1.026  V6 

1.016  V6 

1.001  V6 
.980  V6 


1:3« 

1.285 
1.279 
1.272 
1.268 
1.262 
1.259 
1.257 
! .252 
1.269 
1.265 
1.262 
1.239 
1.23/ 
1.235 
1.231 
1.229 
1.226 
1.222 
1.220 
1.217 
1.212 
1.209 
1.205 
1.201 
1.197 
1.192 
1.188 
1.163 
1.179 
1.171 
1.166 
1.159 
1.169 
1.137 
1.137 
1.121 
1.105 
1.091 
1.078 
1.066 
1.053 
1.062 
1.032 
1.023 
1.016 
1.003 
.98b 
.952 


V5 

V 5 
V5 
V5 
V5 
V5 
V5 

V5 

V5 

V? 

V5 

v5 

v5 

V5 

V5 

V5 

V 5 
V| 
V5 
V5 
V5 
V5 
V5 

ft 

Vvl 

V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V5 
V 5 
V5 
V5 
V5 
V5 
V5 


CELL-V 

1:34? 

1.287 

1.279 

1.275 

1.269 

1.266 

1.260 

1.257 

1.256 

1.251 

1.267 

1.266 

1.260 

1.237 

1.235 

1.231 

1.229 

1.22b 

1.223 

1.219 

1.217 

1.213 

1.209 

1.205 

1.201 

1.197 

1.193 

1.188 

1.182 

1.177 

1.171 

1.166 

1.157 

1.168 

1.138 

1.138 

1.126 

1.111 

1.098 

1.083 

1.070 

1.057 

1.063 

1.030 

1.017 

1.001 

.970 

.698 

.699 


CELL-V 

:388 

.000 

.ooc 

.000 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.ooc 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


IS  8 

CELL-V 

.000 

.000 

.000 

.OoO 

.000 

.OOO 

.000 

.uuo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.coo 

.000 

.000 

.600 

.000 

.060 

.000 

.OOO 

.000 

.000 

.ooo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.oto 


C YCtf  IS 

CtLL-V 

/ 

.000 
.uoO 
.000 
.000 
.ooo 
.000 
.00  3 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.060 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.coo 
.000 
.000 
.ooo 
.000 
.000 
.600 
.coo 
.000 
.coo 
.000 
.000 
.000 
.000 
.coo 
.000 
.000 
.000 


1296. 

AVE-V 

1.316 

1.296 

1.2H6 

1.279 

1.273 

1.268 

1.263 

1.259 
1.257 
1.253 
1.250 
1.267 
1.263 

1.260 
1.237 
1.235 
1.23! 
1.229 
1.276 
1.22? 
1.219 
1.217 
1.212 
1.209 
1.205 
1.202 
1.197 
1.193 
1.188 
1.186 
1.179 
1.173 
1.167 
1.161 
1.153 

1.165 

1.166 
1.135 
1.123 
1.109 
1.093 
1.080 
1 .066 
1.053 
1.061 
1.079 
1.018 
1.007 

.976 

.875 


WOEC/C  77-134 
PAOf  IS  29. 


HI  OH  -V 

1.317 
1 .797 
1.788 
1.781 
1 .776 

1.771 
1.767 
1 .767 

1.759 
1.756 
1 .75? 
1.750 
1.76/ 
1.767 

1.760 
1 .738 
1 .736 
1.731 
1.779 
1 .776 

1.772 
1.770 
1.716 
1.712 
1 .709 
1 .705 
1.700 
1.198 
1.19? 
1.188 
1.183 
1.179 

1.172 
1.167 
1.161 
1.156 
1.153 
1.166 
1.137 

1.173 
1.103 
1 .089 
1 .076 
1 .06  3 
1.051 
1.039 
I .030 
I .019 
1 .009 

.996 


LOW— V 

1:145 

1.78? 

1.775 

1.770 

1.765 
1.760 
1.25b 
1.253 
1.750 

1.766 
1.766 
1. 760 
1.737 
1.733 
1.231 
1.229 
1.725 
1.222 
1.719 
1.216 
1.217 
1.209 
1.2"6 
1.701 
1.199 
1.196 
1.189 
1.186 
1.180 
1.175 
1.170 
1.166 
1.157 
1.1*8 

1.1  37 
1.137 
1.121 
1.105 
1.091 
1.078 
1.066 
1.053 
1.06? 
1.030 
1.017 

1.001 
.970 
.898 
.699 


262 


# 


;ac*  UOKfcER  15  210A 


12°*;. 

120V. 

i*. 
121*. 
lilt*. 
121?. 
1221. 
122*. 
12  2b. 
1228. 
1231. 
1233. 
1238. 
1238. 
12*0. 
12*3. 
12*5. 
12*8. 
1250. 
125*. 
1255. 


.bje 

.95' 

1.276 

1.595 

1.91* 
..233 
2.553 
2.872 
3.191 
i . 5 ’ 

3.330 
*.l*9 
*.*tb 
*.78? 
5.108 
5. *27 
5.7*| 
5.065 
6.38* 
6.703 
7.022 
7.3*1 
7.66* 
7.981 
8.300 
8.619 
8.938 
9.257 
9.576 
9.895 
10.216 


.11*  ',1 
.11’ 

.10*  Vl 

.09°  vl 
.09*  V’. 
.08'  .1 
.;a»  .i 
.0"  vl 
.o'*  a 

.071  V1 
.06*  vl 
•06*  Vl 
.06*  Vl 
.06*  vl 

.067  . i 
.06”  Vi 
.05*  Vl 
.05*  vl 
.05*  vl 
.05*  vl 
.05?  vl 
.051  Vl 
.0*"  vl 
.0*“  Vi 
.0*'  Vl 
Io*‘  Vl 
!o**  Vl 
.0**  Vl 
.0**  vl 
.0**  vl 
.0**  v. 
.0*7  Vl 


CELL-7 

1.301  72 
1.26*  U 
1.27V  V2 
1.26*  v2 
1.257  V2 
1.250  v2 
1.2<-6  V 
1.2*1  v2 
1.236  V2 
1.231  V2 
1 .226  V* 
1.2*3  v2 
1.21b  V2 
1.21*  v2 
1.210  V2 
1.206  v2 
1.2C1  V2 
1.196  v2 
1.191  V2 
1.186  V2 
1.180  v* 
1.17*  v2 
1.167  V2 
1.158  v2 
1.1*7  V2 
1.130  v2 
1.105  v2 
1 1.066  v2 

1 1.018  V2 
l .968  v2 
, .765  v2 

l .338  V2 


CLLL-V 
l . 3 l*  73 

i.3oi  v5 

1.291  v3 
1.20*  v 3 
1..7e  v3 

1.27V  .3 

l . ve 7 .2 
i.vb*  v 3 
1.258  v3 
1.2 5*  ,3 
1.250  vi 
1.2*6  V 3 
1.2*2  V 3 
1.239  V3 
1 .2  35  v 3 
1.231  V 3 
1.2*8  V| 

1.22*  V3 

1.220  V3 
1.216  v3 
1.211  V3 
1.207  v3 
1.202  vi 
1.196  Vi 
1.191  V 3 
1.165  v3 
1.178  V 3 
1.171  Vi 
1.1b*  V3 
1.155  vi 
1.1*6  V3 
! 1.133  v3 


CLLL-W  < 

1.3U  v* 

1.299  V* 

1 • 2 69  v* 
1.282  V* 
1.276  V* 
1.271  .* 

1.266  V* 
1.262  V* 
..257  V* 
1.253  v* 
1.2*9  V* 
1.2*6  V* 
1.2*2  V* 
1.236  ,<• 
1.235  V* 
1.231  V* 
1.227  v* 
1.22*  V* 
1.220  v* 
1.216  v* 

1.211  V* 
1.207  v* 
1.202  V* 
1.196  V* 
1.191  V* 
1.185  v* 
1.178  v* 
1.171  V* 
1.163  V* 
1.155  V* 
1.1*5  V* 
1.130  v* 


263 


HQfC/C  77-134 


DATE  OF 

HUN  IS  09/10/75 

PALI 

NUMfaER  IS 

2 1 0 A 

SHADOb 

PERIOD 

IS  10 

CYCLE  IS 

1635. 

PAGf 

IS 

Tl"E 

AMPS 

CELL-" 

CELL-V 

CELL-V 

CLLL-V 

CELL-V 

CELL-V 

CFLL-V 

CELL-V 

AVE-V 

Hl<VH-V 

LO»-V 

1 1 is. 

. 31« 

A2 

.181 

VI 

1.2*6 

V2 

1.312 

v? 

1.310 

V4 

1.310 

VS 

1.310 

.000 

.000 

1.298 

1.317 

1.746 

1 llh. 

.615 

A 2 

.17* 

Vl 

1 .223 

V2 

1.297 

V 3 

1.296 

V4 

1.296 

v5 

1.295 

.000 

.ooo 

1.281 

1 .797 

1.723 

1121. 

.944 

A 2 

.16' 

VI 

1.209 

V2 

1 .266 

V3 

1.2b5 

V4 

1 .285 

V5 

1.284 

.OOG 

.000 

1.270 

1.786 

1 .209 

1)23. 

1.269 

A 2 

.15/ 

VI 

1.199 

V2 

1.278 

V3 

1.278 

V* 

1.277 

VS 

1.276 

.000 

.000 

1.262 

1 .778 

1.199 

1 1 2t>. 

1.584 

A 2 

.14/ 

VI 

1 . 1 b9 

V2 

1.471 

V3 

1.271 

V 4 

1.271 

VS 

1.269 

.ooo 

.coo 

1.254 

1.771 

1.189 

U2». 

1.903 

A2 

.134 

VI 

1.  16C 

V2 

1.265 

V3 

1.266 

V4 

1.265 

V 5 

1.263 

.000 

.000 

1.248 

1 .766 

1.180 

1130. 

2.220 

A 2 

.120 

VI 

1.171 

V2 

1.26C 

V3 

1.260 

V 4 

1 .260 

VS 

1.258 

.000 

.000 

1.242 

1.760 

1.171 

1131. 

2.537 

A2 

.12* 

VI 

1.161 

V2 

1.255 

V3 

1.255 

V4 

1.254 

vs 

1.252 

.000 

.000 

1.235 

1.75S 

1.161 

1 1 3?. 

2.654 

A 2 

.12° 

VI 

1.151 

V2 

1 .250 

V3 

1.251 

V4 

1.250 

vs 

1.247 

.000 

.000 

1.230 

1.751 

1.151 

113/. 

3*171 

A2 

.114 

VI 

1.139 

V2 

1.245 

V3 

1.246 

V4 

1 .245 

V5 

1.242 

.000 

.000 

1.223 

1.746 

1.139 

U40. 

3.-.6J 

A 2 

.11' 

VI 

1.126 

V2 

1.240 

V3 

1.241 

V4 

1 .240 

VS 

1.237 

. OuO 

.000 

1.217 

1 .741 

1.126 

1 142. 

3.800 

A2 

.11° 

VI 

1 .1Gb 

V2 

1.235 

V 3 

1.236 

V* 

1.235 

V5 

1.232 

.COO 

.coo 

1.209 

1 .736 

1.108 

1 145. 

4.118 

A2 

.10* 

VI 

1.083 

V2 

1.230 

V3 

1.231 

V4 

1 .230 

VS 

1.227 

.000 

.ooo 

1 . .00 

1 .731 

1.083 

1 147. 

4.436 

A 2 

.104 

VI 

1.04b 

V2 

1 #2*5 

V3 

1.226 

V4 

1.224 

V5 

1.221 

.000 

.000 

1.189 

1.776 

1.048 

1141. 

4.754 

A2 

.10* 

VI 

.99* 

V2 

1.220 

V3 

1.220 

V4 

1.218 

vs 

1.215 

.000 

.000 

1.173 

1 .770 

.994 

1154. 

5.072 

A2 

.10' 

VI 

.882 

V2 

1.214 

V3 

1.214 

V4 

1.212 

V5 

1.209 

.000 

.000 

1.146 

1.714 

.88? 

1154. 

5.389 

A2 

1 10' 

VI 

.752 

V2 

1.207 

V3 

1.208 

V4 

1.205 

V5 

1.202 

.000 

.000 

1.115 

1.708 

.752 

1157. 

5.707 

A2 

.10" 

VI 

.573 

V2 

1.200 

V3 

1.200 

V4 

1.198 

VS 

1.194 

.000 

.000 

1.073 

1.700 

• S73 

1154. 

6.024 

A2 

.09* 

VI 

.263 

V2 

1.193 

V3 

1.193 

V4 

1.190 

VS 

1.185 

.000 

.000 

1.005 

1.193 

.263 

o 


0*\L  CF  HUN  IS  OO/^/fb 


PACK  NUMBER  IS  210A 


SHADUm  PERIOD  IS  12 


Ti^e 

95  y. 

1005. 

ISU: 

1027. 

1035. 

1051. 

1055. 

1055. 

1103. 

1110. 

1X1^. 


AMPS 

.321 

.651 

1.598 

2.555 

3.512 

5.569 

5.526 

6.383 

7.350 

8.297 

9.255 

10.211 

11.168 

12.165 


CELL* 


CELL-V 


.512  V3 


CtLU-V 

\:\ki  li 

:S! » 

1.257  V5 
1.236  V5 
1.225  V5 

1.212  V5 
1.198  V5 
1.179  75 
1.153  V5 
1.098  V5 
1.055  V5 
1.005  V5 


CELL-V 

1.311 

1.297 

1.275 

1.258 

1.255 

1.235 

1.222 

1.209 

1.193 

1.172 

1.127 

1.067 

1.025 

.975 


CELL-V 


V5 

V5 

V5 

V5 

V5 

V5 

V5 

V5 

V5 

V5 

V5 

V5 

V5 

V5 


.313 
.299 
.275 
.259 
.2  58 
.235 
.222 
.209 
.193 
.170 
.129 
.061 
.995 
.205 


CELL-V 

*.00§ 

:2o8 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


CfLL-V 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


CYCLE  IS  2123. 

CELL-V  AVE-V 

.000  1.302 

.000  1.286 

.000  1.262 

.000  1.257 

.000  1.235 

.000  1.221 

l000  1.207 

.000  }. 1*7 

.000  1.162 

.000  1.179 

.000  1.082 

.000  1.018 

.OOO  .959 

.000  .675 
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HlOM-V 

1.313 
I .299 
I .775 
1.760 
1.757 
1 .736 
1.775 
1.712 
1.198 
1.17? 
1.153 
1.098 
I .055 
1 .005 


LOH-V 

.776 

•iii 

.226 

.212 

.197 

1.181 

1.158 

1.119 

1.065 

.995 

.921 

.858 

.731 

.205 
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DATE  OF  RUN  IS  09/10/76 


PACK  NU*bEl  IS  2 10  A 


SHADOta  PERIOD  IS  13 


CYCLE  IS  2*0Z. 


WQEC/C  77- I 54 
P*bF  IS  29. 


Tl«t 

6**. 

E*7. 

8*?. 

851. 

85*. 

656. 

859. 

906. 

9l*. 

920. 

921. 
935. 
9*2. 
9*9. 

100*. 

100/. 


AMP5 

.310 

.630 

.950 

1.270 

1.590 

1.900 
2.220 
3.180 
*.130 
5.090 
6.0*0 
6.990 
7.950 

8.900 
10.810 
11.130 


CELL-" 

CELL-V 

V2 

1.27* 

V 3 

1 -31J 

V* 

V2 

1.25* 

V3 

1.303 

V* 

V2 

1 .2*1 

V3 

1.293 

V* 

V2 

U237 

V3 

1.285 

V* 

V2 

1.22* 

V3 

1.278 

V* 

V2 

U22’ 

V3 

i .273 

V* 

V2 

1 1 2 1 7 

V3 

1.266 

V* 

V2 

1.20* 

V3 

1.25* 

V* 

V 2 

1.197 

V3 

1.2*2 

V* 

V£ 

i : 1 7' 

V3 

1.231 

V* 

V2 

i.i** 

V3 

1.220 

V* 

V2 

1.10* 

V'3 

1.207 

V* 

V2 

1.03° 

V3 

1.190 

V* 

V2 

.86* 

V3 

1.12* 

V* 

V 2 

.73* 

V 3 

1.0*1 

V* 

V2 

.66* 

V3 

1.023 

V* 

CELL-V 

1.317  V5 
1.302  V5 
1.292  V5 
1.28*  V5 
1.27b  V5 
1.272  v5 
1.206  V5 
1.253  V 5 
1.2*1  V5 
1.230  V5 
1.218  V5 
1.203  v5 
1.18*  \/5 
1.0*8  V5 
.986  V5 
.958  V5 


LtLL-V 

1.313 

1:112 

1.282 

1.275 

1.269 

1.26* 

1.250 

1.238 

1.226 

1.213 

1.197 

1.176 

1.037 

.8*6 

.1*1 
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.000 

.000 

.000 

.000 

.000 

.ooo 

.000 

.coo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


CELL-V 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.ooo 

.000 


CFLL-V 

.000 

.000 

.000 

.000 

.000 

.000 

.000 
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.000 

.000 

.000 

.000 

.000 
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.000 

.000 


CELL-V 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.coo 

.000 

.000 


AVt-V 

1.306 

1.289 

1.279 

1.271 

1.26* 

1.259 

1.25* 

1.2*0 

1.228 

1.215 

1.199 

1.178 

1.1*7 

1.019 

.902 

.696 


MIAH-V 

1.317 
1.303 
1 .793 
1 .7*5 
1 .778 
1.773 
1 .768 
1.75* 
1.7*7 
1.731 
I .770 
1.707 
1.190 
1.17* 
1.041 
1.073 


L08-V 

1:8! 

1 123? 
1.226 
1.222 
1.217 
1.20* 
1.197 
1.173 
1.1*6 
1.104 
1.039 
.866 
.735 
.1*1 


OATfc  2F  ko*.  IS  09/10/7*, 


PA C*  fluMtE*  IS  2l'JA 


TI*t 

6**. 

e; 

90fc. 

9lt. 

925. 

935. 

9*5. 

9*'. 

9*9. 

95*. 

100*. 

1009. 

101-5. 

icm. 


AMPS 

, .313 
1.275 
2.551 
3.629 
5.10* 
6.378 
7.6**. 

7.953 
8.25* 
8.886 
10. 1*  7 
. ’■ 

11.399 

12.037 


ELL-“  CELL-V  CELL-V  CtLL-V 

1.277  vj  1.3J5  v*  1.308  V5  1.305 

1.237  /3  1.2ei  V*  1.275  75  1.270 

1.217  73  1.262  V*  1.253  75  1.2**b 

1.19*  V 3 1.2*5  V*  1.236  75  1.230 

1.17*  v 3 1.231  V*  1.220  V5  1.212 

1.137  V3  1.21*  V*  1.201  w 5 1.190 

1.06-  V3  1.192  V*  1.169  V5  1.1*9 

1.0**  /3  1.165  V*  1.155  V 5 1.130 

1.01*  V 3 1.176  V*  1.133  75  1.107 

.97’  v 3 1.156  V*  I.C65  95  1.060 

.87’  v3  1,053  v*  1.005  *5  .987 

.81*  V 3 1.02*  V*  .973  W5  .9*9 

.72*  v 3 1.C02  V*  .921  75  .8*0 

.58-  V3  .971  V*  .665  75  .*12 
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. OoO 
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1 .731 
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.000 
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1 .016 
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.000 
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.97? 
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.oGO 
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1 .053 

.872 
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.9*0 

1 .r*/4. 

. 6 1 6 

.000 
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.000 

.671 

1 .002 

• 72* 

.000 
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.000 

.663 

.971 

t 

f 


r OOOOOOOOOOOOOOOO 


H 2Sf5?N^JooO*COCOOOOOOOOOOOOOO^O^flinOO  (7‘tf‘^^^J*CM^O*P,^C*(»,^l»,0'0,c^00^^'‘>'J  *J  ^SSSSSSSSSSSSSS^fjtr  V 

do?  4?  2 7 *%**£%  4 7°25S.»  * *4*44  -t  -f-f-f -r-r  /.V.V.  . /.V.  . . . 


V.  


HOOOOOOOOO 

o rf>o  <r\o  *>*•■  o*' 

JJ*j)iCiVlOO  wV) 

Oui • ■ 


ggSgSggSSSgSSSSSSoSgSSSgSSSSSSSSISSiiSoSSIpSgSglgSSSSSSI^SSSSIIIIpoglillllllSo 

Ooaojoooooooooooooooojaooooooqoooooooooo^oooooooooooooo^ooooooaooooooooooooooo^j 


AXOCOOOOOOOOC 


OOOOOOOO 


__  __  . , vmrxi.iLitiojjJOOCOOOOOOOOOOOOOOOOOOiJOOOCUOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOi' 

-*  »V.  n is.  ■*.  . . r.  <4JtfS.0r*i~iO  OH?.<T-a'HJ,a>r-  kV  k^ii'  O i>  s*1  k*  OPkiWfOffiM'^OOff"  **'>*•  " * ' ‘ 

:^£S2i?2S£2SS2S£££222g£5*«3S23f~2SS5oSj!^5o*i~~^ 


OOOOOOOOOOOOOOOOOOOOw'Oi  o 
orvoootf'o-**  o^  **xc  * onuv«0'*\^« 
^aoajr^  <'*>.<>  *)*>o 

OOOOOOOOOOOOOOOO OOOOOO v • 


r-  *-  **a>  •'u'**  ,#  *%•■. 

*>r>  «<riX  - 
»<.<-<■<»>■  «»4N'V 


^Sgg^^SSSSSgSgggSSSSSSggSSSgSSSSgSSggSSSSggSSSgSSSggSSSSgSIggS^^^SgggSSIIIggrcv 

v c . 

r . 

> «X>«»<rt.  « INM-II  W I «■  «»«..  • 

V ooooooooooooooooooooooooooooocoo^oooocwK^ooooooooooo^cooooo^oj^oBysy.apooc 


s 


ooooooooooo 


oocoooooot 


00  *>*>— 4)4)0*0*M  OJn»r-  INWWOU^H'  t«HOv*TMO‘  000  4-*^  too  «OttV 

OOOOOOOOOOOOOOOOOOOOOO  OOOOOOOO  OO  *>-•  «OaJ0D*O— O N-  horg  Crt-  4 .Uiw  4 4 ^ ON  ioO>\  *»'*  N-  4)  4 4 O ml?  40  4 ^ CNO<tt_>  tX)  4oic 
«1N\4»V«  4 *<OOH^\K*)Oh  N- N-  4)00 4 *M  4 40  0»—  OfcV'  »>4JTM  dM)  0>(M>  4T*  4)4)  uXMmmO*  4 tM  i)s|  4 ojm  4) (DnOi*>  «)4MVtr>  OT 

* * * >^4  4 •"N  CN®N-  ODtfaaXTN  O-  ®0-«0  4 4<«i>»*^"  -NM044K'  4^  VdDODffOCtftO  dD  Oi>«JT  O 09  OO  OOtfWN  4 4 «'4*  4u>if>  4**0  4 4 t 


• X 

X 


22£i:S<*52$5$®®^oc®0®^®®®occoooooc,50ooocooocoooocoooocooooococooooooooocoooocoooooc 

S^SS?0000^0000000^000^1^0*3000  ^0*0*4  4i«0«0N^  00<VOh(MOmO*«O  4 <*f»  — — (V-»Oo  UxO  4)40  NO  OdT 

coenopoooooooooooooooooonooonn  N«oao«<  am  ^*oo mo'MOO  ojnnoo  oo 4>o  4 — o*oom— »o— — 40—0©  -< n-o  0.10  n-o 00  • 

«*<i-*4K\4*^<»'0  4 4 4><MO  — O — rsim  — IM  4 OCiO— m ‘*<>  <?hKVM<M«M<M  — OtV#  — O ^OrWxrtflVfl  OON  4>mo  OOff^  OTw  if>4  JO  |>4W- rg  UD4  4 — r*> 

^ ^ © 004 4) 4>*OsO*Ow>  OOiXM'^K'^ncO  4*04  4 m 4»^m  4 4 40090-4  OO^OOOOOOOOOK  Oi 


S222S22222222222222222221  ^Sy^S!’0000000000000000000'-^00^00  ’'^O°f3°oo°oo©oooc>ooooi 

OOOOOOOOOOOOOOOOOOOOOOOQOOOaXX  o>«D.x«i  ff^vx-ooooomoaw^^m^Kwi^orM^  oe-  r-.*  .oo  >®-K.>  JO  J JC  COrf' 

^ x-<oo,>o  v>  imm  r-  — .a  ..  »■ » j > trvMO'j  a ai  ■/  r- a 4 j O'* 

<^0<X4iAOO«*'t04H40^(n4  4*000  4VO («N  04  • 4 (D  0^401  <iki^-«<X  NO  4>tx  4 0*0  4 iWi»VX  (N)4rOMX<VA<^fX  »T»4  — * jvh^O  4.4O4V4  OOiVK)  — m — m* 

••••*••••••••••••••••••••••» 

^-4<V*>^444NN  «400000‘^0«NN4^4'H*VN( 


O0W3O  - 

■«NM(n  4*0*0  4>r-  «D«>a)a>flDOOOO<D(M)  00(^  OO  lM'UVON44  4 4N  O'  N-  4)  4*4  4 4444444  *OM 


221liI5f'''22'I2^50  •»•<>•#  •)  fvyo  ioninimo  -to  ■0-00  6O40*n4  C4<0<<HNW0  40C  asoo  490  ■O'M  t-t  ®Org  «\,  ® 4 ®®0  • 

N-  t?*4  OO  — 4N4  k>  JO  P— OJ  4 4 4)  N-  4)4)  4 D*^  4V-*  4)0  mm  >»M  «V*  <*>4  *Om  N Pm  *0  CD  l>4N  N-  N»0  1>  CTOlMm  O— *M  — N t>-*  «Vf  **>*»>  4 4 OWV-t  0«VX  4)  r*-4  h 4 4»m  r 
4 0 4)  4*0^00  ffOOOO  ' OOOOOOOO-ONO  -no^^xx-^c**  4 *v— « c**»'  (M)4000 ^OO-*-^00"*^0  J>  — •«  4 40  04N  Oi*  i*>rt4 , 4||i«  ».*Ot 

, '*\4^4 4 4 4 4 4 4 4 4 4 44  4 44  44  44  44444444  4^.A'n<«(»>  444444  4444  f 4Ji*4  444  i AtMl'L’'  tW’^>*'  i»N  4 

qjepor  a^MU 


10— 

u..- 


| u>— — — — 


► 'SISUZZlZZ.  *****“  * 0*0.0 *r*o*o®® oar© or  * 4'y'*o  <ro*  avno^^f**-!*1-  ore  ir-o*A  <r  4 *r  <**n  a 4 r\  «x\  4 axrx  vo  v** 

’ 4 — ««.-._._,-«-ir(«(»inmr'ir'4*'*i''-<X^  4 4 N 4 4*  4>4  4 «0  *0*0*0**'—  O*  O*.-*  — m m *Or>g  r\jrr»f*>f*>trM^mmr 


rt222A2?222222?22?02202°9222000000001  00°oooooooooooooooooooooooooooooooooooooooooc 

s/la.  >0*0 ■*>  0«m to ni^*no^ 4*4*m— © a) a 4 •*'  -O  oO-d<xi»>m^  avf  N-^*o  cs~.mN*  ^*jno  04  04  4>  O'*  — *0  orM«M<M*-\4mm  — »o  ® 4)4  4 4) <00 a*)  04  n-  «o  adoc  1 

^ ^ ,n  S?5*  T .???  7*.  rt'  ^ g»4  OOHOO  «»-» *Q  O*  Q>v»4  O*  «1ttQ  40  UP  OO—  r^s,  N-.fxv>4  *'**»'■ 

bj  ®<0— r^»00>  00^- N «>rni|\N  0«M<N*  N-4TO—  NNN4  *1  ^ax-fcOO*  9«H(xmM^ON>.*\  OOOn'n'  *> 0)0  4 — *00  ^ *0  4«OM\4MV*  OO^ru* 

V I «^r- ^*00*04  4 4*^4)^  -)0(W4i.x«m^  0 4*4  ^ 4*0 -a  4X44*4*  r^N  jjr^  axuaKom—  44  # *•>  aara^-^ooim  aio— 01  — r\»«ryr 

a.  -44ino*>*«>*o.  — — ,—^^..^0*0*—  — — CM— -o,Od— — — — — — fMCMOifM— o*r 


00Pn00OP0^»30Q0000Qt30u0(y>0000Q0000000Q0000000000Q0Q0QaQdO0QrtnfloftflftOftnrtrtftnrtpnni 

— non  ■*.' .!'«"«  > »>  ’■  o ON-  .i>i\m'<v  ■ «m  « NO  N»«^r\*  «o  «»v#  M>rr>  r»  a»  ' \ t 4m fM4>4'<*>— o 4**'  4 N>  «VM<M4)4m  orsioim  six  *n  irx  x -*m 

^ *'r  - 4)0 4*4) -ONNS  »^r«.^N  aio  an  *>4m  * nvn^txi" a eajMn  i^awa'a'MP a**. Naw^  ixx*'a  a«xo  ns  N^n  NNaix 


►~«>4)»0«0»0t0 x _ . , , 1 . ■ 

■*»  »oonooonnoo . •>  ^nnononoonno  irtnnoo- 4 4 * m 44  4—  - 

'».  • , 


OlTMO 

——  — — — — -»*MXIX~. 


>0000000* 
>m*rwMCM*“ 
’ axMO  n N^n  r*-N-  avxMNwx  * 
«mrMm<SMM  — mmoMMO—  «x«vix«**>* 


<*>4*  04  ODO  • 

NOOO  OO#  — — i*x 
— O 00000-1  OflOOOOOOO  fK 


^ ^ ^ ^ 4 ******* * **y^*)*>*> 4>^4>®4>®®®4i4>®4)®®4>. 


n 


a 


u 

S 


3000000000 

•OOF**t'OroiOtf>  O' 
'**“•'-•  ««HOiAOO»> 
-4-VV^MO  OOTw 
•••••••••• 

■'»o*o»o*otf>*o  <#  « f\ 


3COOOOCOOC 

4>i  r>- r*-o  *>  o*>«> 

**>«*>0  ^-'•O  *)*»  -J 
>rs*r»^  <D<4) 

•••••••••• 

’OOO  90 


'OOOOOOOOO 

oo-^ra  tfv^irx  ^ 

JO  Am  N r*\-*  un>  .* 

* 1WO  #0  N (OJ  O* 

• •••••••«• 

'*>«»>«*)  h 


-)»»■) -.Oj~.r\jr\jrn  *>0 

>coooooo  on 


f -Otm  ^ O Orgcg.N,  jo 
* ^ COC  <C  90  CCOtA 
f >1  * ««xrtm 


>000000000 

j oqo  cur*  r-  r-  cvr  o 

>0-*00000~*  4) 
*m  <***w*\  f*vn  «>j 


>ooococooc 

• «r  4 it  o v>s»  <it‘  j 
^ i>co  <*«■»<%  .\u>a  s 
v'v*fr'  ■*>—•  — «f  r*0 


r'J'»  <l"  *<r  -J  r\r*cg 
irs<r>fr\  ^ r« 


>000000000 

oosr  xti*  t 

arx-^-* 

>*>  4)4)  ^ O'O 

•••••••••• 


>300000000 

gMN— •*>~.inr>o 

» * >r  O 4)N  4>«> 

^xjiNiNrgrwfs,^^^ 


4 aioo  lOOm  4>\ 

> «*^«JD  OO 

> f>**>00  OO  00<M 


’>•>00000000 

'OOOOOOOOO 

ooooooooc 

•ooooooooo 

90-  -c 
•1111  iiinr^ 

' -4>  *'  4'  V -O  4-*  4’  ■*' 


•OOOOOOOOO 


Cs*r*C*  rv  rg 


o 

V. 

o 


0BlGlN*L 

0£EP°r 


p/^GE  lS 


A 

1 

►- 

I 

X 

•4 


S2SS222S2222<?^02^^20?00000000000000000000000OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC 

^^OOr^-»~-cr®<Nf*O^O«*«".0®>f  ^-^^-.^ojO^^^OOOOOOOOOOOOOCOOOOOO 
£.2  2^5  2 **2  22  21  "f  r*>  * ,n*Nf»gr*.-*w>  org  4)^0®*^  cDr*>u>r^OfnOg>f*-mi/>  od^no  *T  <4  4)0 «T> 0*0 O « 

iN  • -».X?  *>  — **  -4  in-0(>'0<0(*>0<*>^g)^MNt04  «4  w>dP  ®u><^  <Ot>U>  y>r»>  C»*  *' <**0  4>  *<> -4  C^NOJ— «>®g>fN  O >f  *OU>ODkpr»  ^ 4*  .4 

* * * * * * * * • • • • • • • • • • • • • ***•••••••••••••••••••«•••••••••••••••••••••••••••••••••••  t 

^ "*’  »* '*»*■*  4*  ■$4)4  e»<>4c*r*\  * or-  r-  va?®«»  *>  v>0»a>*04>r-  r-  r*-  f-  «u'm-4<\i(«  4 .4  4>  o o r-  r*  r-  a>ao  vva>vT‘<j'C'  t>  ** 

2S2S2228i?2222:i2222S22022£220202202000000000000000000  000000000000000  3000000000000 

2^5222182^222 W-",'NN'<tO-*i)l>OOOOOOOOOOOOOOOOOOOOOOOOOOOOOrtOOOOOOOOOOOOOOOOOOOO 
82222 £2  ^2222^1  ^*^2  0*>Qg»N— — r-  0tf'*><©000cg0-*0  0'*«f°N-*0-oa34'>4«l  ^^^ma>NO\WOOCOOOOOOOOOOOO^a)000 

^ * ' ' • ***••••••  • • • • •••••••••••••••••••••••••••••••••••••••••#•••••••••••••••••••• 

r*  * -4  '*>mcrvN<Nf'g— jor-  0N©000 -*-* — (n**v^oj(\rg\i\^oO  ® 4)f**  r vc'OCOO 


o 

X 


^ ^ lOOO ON N OOCCOOCO(7,<y‘OCK  O^ODODaSr-r**- 


©©>ooOi>aD©© 


2 5 2 *C  £1  ^ 10  ^ Nr-  4>o»r'r-r-<\iu''»n  wx?r*-r\icu,'krNcg<\itf>oc 


>ui 


2S£*!Tiri£2'€5,^l!£‘fle*%‘*V^0^~"'*‘v *vrvo-*->cga.'o  — s>4  >1  ricr>iVH^„  NO'JOf*  NOO*N-«o*^NO><\-*cC‘^a;4 
- ^’^'•'Oi/'oco-oo'^  jor^  4 mmu'N era'*'  oyxNio.r-ON— o —*o  xmcoo orr^m-*  4*f*.r«.o,*>Nr»r».-gu>  joo  J'J'tf'O 

•JO'C'I  4M/>iOH>rf'rf\rf\iOy'M<>4 

0 — . * 

ai 

>> 

< 


«OC  U>'MK.U>y 
^ O •-•  •*>•-«  • •'  ^ 

^i/'W^^TOO 


- - - ‘ n>  O O © -*  O © A’  V X « XVJ)  ^ .U  it  X-  ,fi  JC  *>  a)  .1'  .C  © O'  T 

3 O-*'*'1^'/'  4 O «*>  ,4  «><0>  ©^*^©^*(0-14  4 ®©«04  ®<*>)»>^Nw%NAO©g-*i^i>J4  4 4 — « 4 4) 

.i  JW>  4 4>*>4>'Of»'00'0.*>«0.r»04>4)004>>|.»V«%4>0.00<00«l>^m,4Ntr»>»^.4*04>-0»04>4*00«r»4>  0<*>W>4»*>  -4  4 


U <*->^Oir40i04>rf>K''Nj4«>4t0^MO0'00'f^hr‘00»-  -•  0»a>*4  N^N  4 -4  4' 4 4 -*N  <**>«  O 4 4 ,* 

<X  ~.-^»**'-*-*'>l^,MN»>f«N«MN'Nr>|rM<>#NN  'NN<NNNNN«NNNNN»-*-< 


2^2S|2222£2522£22202222C00000020000°OOOOOOOCOOOOOOOOCV.  ococooooooooooc  : 

^ifr<;®^^000OOOi— ««4  'Ctf>tfM*0~**VOOO-4 -*^4^0OON0O0^«J(U®  CCO'O^I -•-^Org ^4 oO—  CON**-*—  OC 


000  0000  ooooooor c 

v>g>  4 c»«r^  g 

'f  'l  * *£  P,0'^Ch*C*c*W(J'C‘C*roOOOOO«— ©4  4?tfNtf>«*0~*NOOO— r^WtfXCQOf*-  ^oo^©©©©©^^  — C'ON-.r,^... 

#°#  ^c#0# - iViTV^.O COCU ' OOOOOOOOOOOOOOOOCOOCC'  JOOOOOOOOOOOOi 

•*  J 


-ON  Of“* « ^rs,  «V^4  OWiV^c^BNMtiK  C*4T-r*—— •f«>OC*C*>— ‘—0  O'--*  40  4> <CO  O CTOJ^O  a'^C  4 C^^Of^roo  4 4500  a>C*-  — tf'oJ-'f- 

‘TJT^ ^ * * ■£ *r  '?r>‘  r '?“'  ««*«  t?'tC(y+*t*'r^O'tD^  4^^-COOO  CT^4>^OC  «*ng«%rgM>M - 4>4'r*  CKT  *1  <rr-  Ou>4>4  >f  4 f^rgcNC-^r  c*> >f  — r“ 

i j, :.:,  * * * _?r  *r  * * * *rt*rt*  * * • *^^*  ••••••••••••••••••••••••••••••••••••••«###**#»***** , 


, ‘ r,  . _^l°°2222222 ^^°OOOOC' OCO OOOOOCC  OC*OOOOOOOOOOOOOOOOOOOOOCOrOOOOCOCCCOOCOOOOo<' 

222  ^7  2222  222222  22222°222 2®  03  OOOOOOO  OOOOOOOOO  OO  OOO  OOOO  OOOOOJOOPOO  OOOOOOOOO  ooor 

^ ; ^nnnrt^o^nSS2^S2S!2S2«°2220C,00^<,000C'®000rC0000C  COPOCOw  noo  OOPOr  O^OHOOOOOC 

v; v 

• — >Mrgf>irs*r<4NN«Nrgrg«NrNt«N»N  N'Nrg/Mrglvrsi.N  NA..><NN.N»N«NrN»N  WN  NN  N<N  n ^\w„v 

i-»  2C\^y-f,rt?tr,?lf,^n.0.^0.0.Cy.0.0.0.0.0000^COOOOOOOoo0oooOOCOOOOOOCOOOOOOOOOOOOOOQOOQCOOO»3C o ^ 


pack 


Day 


> *56*. 0000 
' <566.0000 
i *567.0000 

2568.0000 

2569.0000 

2571.0000 

2572.0000 

2573.0000 
2575*0000 

2576.0000 
2577*0000 
2 5 78*0000 
* 5 79*0000 

2581.0000 

2582.0000 
*583.0000 
*5B5;OCIOO 
2586*0000 

2587.0000 

2589.0000 

2590.0000 

2591.0000 

2593.0000 

2596.0000 

2596.0000 
*600.0000 

2601.0000 
2602.0000 
2606.0000 
2605*0000 


A2E-CFLL 
I END  D1S 

Ill'll 

1.1607 
1 . 1 5 3’ 
1.1627 
1 . 1 1 9a 
1.1125 
1.1067 
1.0967 
1.0675 
1.0510 
1.0500 
1 .04  75 
1.0325 
ll0322 
1.0102 

1:8151 


i:8?o? 

1.0930 


I.O9O* 

1.1002 

1.1152 

• } ” 7 

1.1665 

*.}775 


1.2367 


AUX 

tL:85oo 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
. 0000 
.0000 
*0000 
.0000 
0000 
!oooo 
.0000 
*0000 
.0000 
.0000 
.0000 
.0000 
.*0000 
.0000 
loooo 
;oooo 
*0000 
*0000 


PRESS 
EMC  015 
.8660 
.8660 
.8660 
.e660 
.8660 
.8660 
.8*60 
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.8660 
.8*60 
.6660 
.8660 
,e660 
.8660 
.8660 
.8660 
.8660 
*e660 
.8660 
.8660 
.8660 
. 6*60 
.6*60 
.8*60 
.8660 
.8*60 
.8660 
.8*60 
.8660 
.8660 


PHESS 
END  TRIP  ELEC 
.8660 
.8660 
.8660 
.8660 
• 8960 
.8660 
.8660 
.8660 
.8660 
.6660 
.8660 
.8960 
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.8960 
.6960 
.8960 
.8960 
.e660 
.8660 
.8660 
.8960 
.8960 
.8960 
.8960 
.8960 
.8960 
.8960 
.8960 
.6960 
.8960 


AUX 
END  T 
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.1230 
.1130 
.1770 
.1990 
.1100 
.1300 
.16^0 
.1680 
.3060 
.1860 
*0730 
.0780 
.1130 
.1600 

:i|8 

I2C50 

.0590 

.1060 

.0760 

.0690 

:i3*o 

.‘lt80 

*2200 

.1900 

.1900 


AVE-CFLL 
V ENC  T v 
1.5927 
1.6175 
1 .6587 
1.6167 
1.6175 
1.6297 
1.6277 
1.6680 
1.6275 
1.5997 
1.6185 
1.6557 
1.6926 
1.6352 
1.6392 
1.6217 
1.6600 
1.6897 
1.592° 
1.6067 
1.6137 
1.6295 
t ,t095 
1.6180 
1.6687 
1.6580 
1.6735 
1.6722 
1.6782 
1.6862 
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END  C 
1.6120 

l*!iSo 

1^5175 
1 .5330 
1.5335 
1.5300 
1.5267 
• .5267 
1.525? 
1^5225 
1.5180 

1:1153 
l:Ui? 
: iflj 

1.6935 

1.6965 

.•ill? 

:ij?i 

Wife 

1.5202 


A HO 

2.1500 

6.1200 

6.7900 

5.9100 
6.  1500 
6.6  700 

6.9100 

7.3000 
7.9300 
6.9000 
6.  ’100 
e .t.600 
8,8200 
9.1000 

9.3000 
9.9800 

9.9700 
9*6300 
9.2000 
8.8600 
8.6900 
8.5900 

8.3000 
7.8300 
7.2200 

5.9700 

s;2eoo 

9*  7000 
2.8000 
1 1 9000 


AH  I 

5.5900 

6.0000 

6.2600 

8.6000 

10.3000 

10.9000 
10.2000 
10.2000 
10.6000 
11.0000 
1 2*9000 

13.6000 

13.0000 

13. 6000 
13*7000 

19.0000 
13^8200 
15. 7900 

15.2000 
16.8000 
13.8000 
13.5000 

13.3000 

12.9000 

12.2000 

10.6000 

913000 

7.5000 
7.0000 

6.5000 


AHI-TRIP 

2 .3000 
3.7300 
9.8000 
6.5900 
6.7000 
7.2000 
7.6500 
8.0500 
8.9100 
9.1600 
9.2300 

o.otoO 
9.8000 
9.6200 

9.7200 
9.9300 
9.6000 

9.6300 
9.6000 
9.6600 
9.3700 
9.0000 

8.7200 
8.3500 
7.7900 

6.6300 
5.8600 
5.1000 
6.1800 
2.1500 


WQ EC/C  77-134 


272 


5.  Pack  21 1A,  5-cel  Is 


a.  Cell  information:  (Same  as  Pack  207A,  Section  V.  C.  1.). 

b.  Parameters: 


Depth  of  Discharge  (%) 

60 

Charge  Control 

CC 

Charge  Current  (amps) 

1.2 

Discharge  Current  (amps) 

6.0 

*--Cells  3 and  4. 

c.  Capacity 

Checks: 

Temperature  (°C) 

Float/Trickle  Charge  Current  (amps) 
Auxiliary  Electrode:* 

Resistance  (ohms) 


(Discharge  to  .5G  volts  any  cell). 


40 

.20 

300 


Shadow  5 (Figure  116) 
Postcycl ing 


Cell 

Cell 

Cell 

1 

2 

3 

.804 

.510 

1.010 

7.92 

7.62 

6.78 

Cell 

Cell 

ah 

4 

5 

out 

.482 

.920 

6.42 

6.72 

7.62 

d.  Test  results  during  Eclipse  Season:  (Figure  117  and  118). 

(1)  Average  End  of  Discharge  Voltages:  The  voltages  are  very 

low  as  the  pack  did  not  deliver  the  required  capacity  (7.2  ah)  durinq  the 
nnddle  portion  of  the  period. 


(2)  Average  Cell  Voltages  at  Trip  and  End  of  Charge:  The 

pack  was  to  be  charged  at  1.20  amperes  with  no  auxiliary  electrode  trip,  as 
this  type  control  was  removed  during  period  4.  High  cell  voltages  and  pressure 
were  produced  at  the  beginning  of  charge,  therefore,  it  was  necessary  to 
reduce  the  current  whenever  the  pressure  began  to  exceed  100  psia.  The 
current  was  reduced  every  day  up  to  the  day  before  the  capacity  check,  from 
then  on  it  was  not  reduced  as  the  pressure  did  not  exceed  100  psia. 

(3)  The  pack  was  discontinued  following  shadow  period  5. 
e.  Cell  Analysis: 


observations: 


(1)  Cells  1,  4 and  5 were  torn-down  with  the  following 


(a)  Separator  deterioration  was  evident  as  the  material 

was  extremely  thin. 


(b)  Separator  material  was  moist. 


273 


WQEC/C  77-134 

(c)  No  discoloration,  as  a result  of  migration,  was 
observed  on  the  separator  material.  Material  was  slightly  adhering  to 
negative  plates  in  the  middle  of  the  plate  stack. 

, (d)  Small  blisters  were  found  at  the  top  of  the 

positive  plates  of  cell  1.  M 


(e)  Positve  plates  were  uncoined  at  the  bottom. 

(2)  Gas  samples  from  cell  1 had  the  following  percentages: 
Oxygen  (0%) 

Hydrogen  (2.5%) 

Nitrogen  (89%) 

(3)  Cells  2 and  3 were  sent  to  GSFC  for  analysis. 


• H|w  ( Ll. 

• CELL 

• t 2ti-  : :,t 


PACK.  •.«/»{>{>  IS  21  i A 
S»«A^C»  P£*IGO  IS  S 
CrCLt  r.Lfcttth  IS  /so. 
DISCHA&Cit  xATL  IS  6.0 


,iU40  <,,w  5. 02 

* 2.81  3.41  <..63  6.2S 

.60  1*21  l.  1 2.41  3.01  4.1V  4.e2  6.t2 


■ a» _ 20,  26,  32,  44.  SO. 

4*.  ^4,  46.  S2. 

6*  *2.  »*.  24.  JO.  36.  48.  S4. 


TIP/  1,1  MINOTtS 

CtLLS  I/.CLUOEO  VI  V2  V3  V4  V5 


FIGURE  116 
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AMPERE  RATE  12  WKC/C  77-134 

CATOLOG  62B012AB 

SERIAL  10-6, 10-7, 9-9. 9-11, 10-11 

GENERAL  ELECTRIC  CELLS 

PROJECT  ATS  F/G  (Prototype) 

SHADOW- 
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FIGURE  117 
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NOTE:  Pack  discontinued  following  Shadow  5. 


o 


3 = , 


•4 

(A 

m 

*4 

O* 

4)  * 

2 

0 

CO 

_4 

(4  • 

• 

• 

• 

• 

• 

• • 

• • 

• 

• 

1 

»*-o 

30 

45 

+ 

•4 

O (A 

m -4 

a' 

o 

u>-m 

04 

A* 

•M 

04 

•4  «4 

•4  *4 

— • 

JZ 

» 

<< 

— « 

u 

J 1 

lA 

1 1 1 1 

• III 

1 • 1 

till 

• III 

• I 1 I I 

1 I 1 • 1 1 1 

IMIlllll 

l 1 l 1 I 

1 1 

•(Aw 

1 

3 

O 


C*^Q 


P • u 

»nc  >* 

a -*  •►-u. 

< o^u 

XUJUJ3)  I uJ*T» 

ua 

v"0<  >f  — UJ< 

—•-a 

o -»►- 

auJOJ<U 
XuJ^t  jaau- 
-auiO— «J“> 


axana:<o 

aJUJX^ 


X<UiUi«Xl 
,XU^Oi 


^AGfi  w 

n^0UAUZ3| 


(A 

a* 


ORIGINAL  PAGE  I 
OF  POOR  QUAL.IT 


« 

O 

.i 

l 

X 

*/> 


.3 

a. 

o 


*n 

D 

O 

r 

o 


•4 


<>4 

II 


U 

«t 

a 


Q 


-i  * 
•*»- 
►- 

o*- 


XXX 

•f  •<  M 


I I I I I I I I I I I I I • I I • I I • I I • I I I I I I I I I I • I I I I I I •••  I I • I t I 


I ►* 

Al  •*' 

j:  • 
«*  «t  o 


c* 

f 


a* 


O 


4) 

•M 


•% 


4 


c* 

C* 


A 

. 


vC 

* 


I « 

Ui  ><* 

-JT  • 

44 

U 

lA 


4* 

U 


04 


■' 


A*. 


CsJ 


* 

T* 

5 

iA 


? 

I 


I 

J 

«-» 

*-■ 

O 


S 


4) 


WQEC/C  77-134 

TE  Of  •'UN  IS  09/10/76  HACK  NUKbth  lb  ZllA  SHADO*  PERlOU  IS  b C /CLE  Is  /SO.  PAG!  IS 

TI*U  AMPS  CfLl-*'  CFLL-W  CEL--V  CILL-V  CELL-V  CELL-V  CFLL-V  CtLL-V  AvE-V  mU,m-V  LOfe-V 


>r  -or*  * **<*.$— — <\ 


<V\f\  “s<N<\f\<\fVf\<\»\  % <\f\  in  — — CC 


*f*x.O  <o^<n  -c— 'diNf-n'Or*-  \»-iO-NOO«*ii> 
C .T  >f  >f  >f  X >f 

•N*>4  N*fM  ^\N  MOJ  N ^ ^ O X>  r- 


d03000000030cj00d0dcd009 

gcccccooococcgccocoocccc 

9909 3000000 0000030 oocooo 


090000000000000000000000 
OOOO  0 00  900  00  0 0000000000  0 
OOOOO  3 0 00  000  9 00000000000 


000000000300000000000000 

oooooooooooooooooooooooo 

000000000000000000090000 


*>  03  .•n-^aorsio/n  o-O-O  OOO 
O^vOUW  ^iOit>.\.\-*^-C0J‘0«)43^000<\ 


«*>  */\  *f>  w>  *>  «/*  o>  o>  xx  *r*  u>  aw  w>  a>  x*  ^ 

»»>»»»>>>»»>»>>> 


^ o ->  >>•  ^,'ni^>.'g.>i-.-^-.oo3‘<>ooiVNjr^>>-'\a3 

^fNirgrg  X r^NiN/NiC*-* Q »>  ,£  ^ 


»>»»»>>>'>»'»>•»>»» 


J*r*>  o.rw  * 

.xiNixx-x  n xx<\i  x.x<x  v'g,\.4-i-.-4^-.-.oo 


NV’M*'  <*> 

>»>  >>>>>>'»>'»>>  >>>>>>■>>> 


4?.T3O*'a>-<0  0»'-*N\OX,'\S(\N^i>^^-.O 
J'P*  -£  *'  >1  w-.-.^.Joj'J'Jj  -J  03  •'WO—« 

(N<NlN'N'Xf>4<N'Xr\.X<NrN'X'X'N— OO  l"'‘-  U> 


in«\  m <NOii>j«Nr>i«x x<N fN.x r>o<x  x<xrw X*NfNX<XiN 
> >>>>>>>>>>>>  »>>>»»>> 

a c-rf  04C4C4.'Pa  orwa^-c* 

N<Nc\,  x/\.  >j. >.<>,, >j  >g>j<\^\j  X N,  *-m—.o^X 


>»>>>>>>>>>>>>>>>>>'>>>> 


3^^  ■*  u>  js^rc^  'oo—xx  o* 

OOOOOOOOOCO  — 

J4)ONi  O®  ' NA  >T  0«0r*X  — '*<O039iX'f 

MCS/'N/fX  'grr>-^o«r>r  ■/  J y'  <'  J 


-•*  »9  9 I i'  V J \ 0«3\4«  4 <0  30  J\  X 


«x 


*s. 

O 

S 


* illfllilllisssssssgggggggggg 

< 

HlIIIIIII§§§§^ggggggggggg 

- o^.®^§S5§§g^^2?£^S-S^:jj» 


a0u>®f'* 


SS^2S£^2°00000000°000000000 
2£££*££^£°  *»“o*S2SS2 


1 


_.t-ggggSS£0S2e>0^0000000®oooocoo 

~1  ^ n .S  ^ Q ^C^OOHM  ■£  «0 «/  ^a.'Xd.'N  <fv  ^5u-v 

*Oo«iO  kTstTN^  »>  <>  00*00‘0,00-<fN4  ^ — 


>> 

< 


>-0(;«.^www«wuuuuljuonnnnr>rli:jCoooo 

■*®OONO 

•*  * ’ * * 

u 


fvS2P.2S22290'?00vS000<300  00000000 

^OOOOOJOOJOOJiaoi 

‘£TS2S?S0000000-,°ooooooooogoggo 

^P....000000:,00000°°2oooSogg 


? ^ '*c5  J\OOt/\t>tn  *>— ing*  Of-  «rt3i3D«i\iV  ♦* 

ao  »»«»« 


.i'-UJOOJOOOoooooooooooooo 

12°  '►  v^^.^.’/'.°.aso  iN“>'*5-a£*®® 

S ■*££££ m "v*,,f' ^ * "<  '-  ® ®' 0»® !>■ oS^kV. .OOWvC 


n2£22ooooc,c'00°oooooooooo3eoo 

COOOO--/«^iroOQiKnn^2x?22x22? 


^SSS22r«£2££J!?2?0,roo^5'^»'5ol:>oS 
? u- TVVVl^ ^ o«  -n  «*  im  5 5 


^gSSSJggJSSW^^jj-goj^ 


^f?595°^'"Oor>cc  r c ococoooc ooooo 
^^OOODO  DO  O oc  30C'0  00020'lOOO 

5 «^s^g^§^8sS88lgS8888 

* srrraf/^ 


6.  Pack  212A,  5-cells 


WQEC/C  77-134 


a.  Cell  information: 


b.  Parameters: 


Depth  of  Discharge  (%) 
Charge  Control 
Charge  Current  (amps) 
Discharge  Current  (amps) 
i emperature  (°C) 

*--Cel Is  1,  3,  4 and  5. 


80 

AE 

.60 

8.0 

-20 


(Same  as  Tack  207A,  Section  V.  D.  1.). 


Float  Current  (amps) 
Auxiliary  Electrode:* 
Resistance  (ohms) 

Trip  Voltage  (mv) 


0.0 

300 

150 


Shadow  #5 
Shadow  #6 
Shadow  #7 
Shadow  #8 
Shadow  #9 
Shadow  #10 
Shadow  #11 
Postcycling 

** — Cel  1 1 


c.  Capacity  checks: 
Cell 

(Figure  119)  .447 

Figure  120)  .896 

(Figure  121)  .249 

(Figure  122)  ** 

(Figure  123) 


(Discharge  to  .5  volts  any  cell). 


Cell 

Cell 

2 

3 

.860 

.823 

.491 

.626 

.493 

.675 

.481 

.841 

.386 

1.136 

.437 

1.106 

.373 

1.091 

7.00 

7.00 

Cell  Cell 

1 5 

•836  .896 

.694  .391 

•718  .659 

.664  .733 

1.137  .972 

1-119  1.029 

1.074  .962 

7-22  7.22 


leaking,  removed  prior  to  shadow  #8. 


ah 

out 

8.20 

8.24 
8.27 
8.21 

6.24 
6.82 
8.93 


resuits  during  Eclipse  Seasons: 


\»  lywir 


• *—  » 


ww 


very  low  and  the  pack  did^ot^eMver5? heTp  Voltdges:  The  voltages  are 

the  middle  portion  of  any  shadow  period' ^afte^peHod'3^'1^  (9‘6  *h)  during 


8,  was  very  erratic  as  canrber™en%rLtthpPaCk’hf01  ]?Win9  shddow  Period 
to  period  9),  although  not  shoJn  for Tnods9? R*'  VoUayes 

programming  Probl^,  were  always  ^thT^Vo  ^ fto*  ?ts. 

first  eclipse  season^rorderVlm^  Inade  during  the 

temperature.  One  change,  was  that  whin  ??ckAc?uld  operate  at  this 

pack  would  be  placed  on  open-circuit^'instead '’ofV?1  -3m  WaS  reached*  the 
of  extremely  high  voltages.  nstead  of  a trickle  charge  because 


to  period  8 wh ich^caused  the  tte'blse'of  ihS0fb(i  WaS  bu”ped>  prior 

’ was  rfT10ved  Prior  to  period  8.  The  Dressurp*  ^he.fl11  tube  to  break.  Cell 
ranged  fro.  8 to  ,5  psia  which  is  ‘ 


280 


WQEC/C  77-134 

(S)  The  pack  was  discontinued  following  shadow  period  11. 

_ . . . e-  Performance  during  Sun  Periods:  The  pack  comDletpd  in  cim 

Z'Tl  PT  t0bein9  The  pack  was  on  opeh-Scp?fdprinq 

these  periods  and  the  auxiliary  electrode  voltages  wereO  0 volts  The  cell 

voltsfof  ?hTs2nH^aper^.the  °-40  V0,ts)  t0  the  end  <’.30 

f.  Cell  Analysis: 

(1)  Cell  5 was  torn  down  with  the  following  observations: 

(a)  Positive  plates  were  uncoined  at  the  bottom. 

(b)  No  separator  deterioration. 

middle  of  the  plate  stick*1*  S",a11  de9ree  °f  ",i9ratl0n  'ocat««  only  in  the 
1/8  inch  diameter,  „l?i  S'inbJhf  p^&e'puies  'VZl  a p1"head  t0 

*■£  Scoter  •S’sw-'sw 


Section  VI 


(2)  Chemical  analysis  of  cell  5 is  contained  in  Table  II, 
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FIGURE  125 
288 


NOTE:  Cell  1 removed  prior  to  Shadow  8. 
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(2)  Pack  discontinued  following  Shadow  11. 
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FIGURE  128 
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NOTE:  Cell  1 removed  prior  to  Shadow  8 
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FIGURE  129 
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NOTE:  (1)  Cell  I removed  prior  to  Shadow  8. 

(2)  Pack  discontinued  following  Shadow  11 
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D.  GE  12.0  ah  (IUE) 

1.  Pack  228A,  5-cells 

a.  Cell  Information: 

(1)  The  cells  were  manufactured  for  NASA,  GSFC,  under 
NASA  contract  number  NAS-5- 19584,  according  to  the  Manufacturing  Control 
Document  (MCD)  232A2222AA-54  and  GSFE's  specification  S-761-P-6.  The 
cells  are  from  a lot  of  175  cells  procured  for  the  International 
Ultraviolet  Explorer  (IUE)  Project;  but  due  to  a change  in  the  project 
requirements,  were  not  used.  The  cells  were  identified  with  the 
manufacturer's  catalog  number  42B01 2AB21 -G2  with  three  cells  having 
auxiliary  electrodes  and  four  cells  having  pressure  gauges.  Details  of 
cell  design,  construction,  manufacturing  and  performance  during 
acceptance  cesting  by  the  manufacturer  are  summarized  and  reported  in 
GSFC  report  X-711-16-18  of  January  1976.  Initial  evaluation  test 
results  are  contained  in  the  NAVWPNSUPPCEN  Crane  Report  WQEC/C  76-89 
of  15  March  1976. 


b.  Parameters: 


Depth  of  Discharge  {%)  80 
Charge  Control  AE/VL 
Charge  Current  (amps)  1.2 
Discharge  Current  (amps)  8.0 
Temperature  (°C)  20 
Voltage  Limit  (v/c)  1.48 


Float/Tricle  Current  (amps)  .20 
Auxiliary  Electrode*: 

Resistance  (ohms)  300 
Trip  Voltage  (mv)  150 
Bandwidth  (mv)  30 


*--cells  1 , 3 and  5 

c.  Capacity  Checks:  (Discharge  till  any  cell  reaches  .75  volts) 


Cell 

Cell 

Cell 

Cell 

Cell 

ah 

1 

2 

3 

4 

5 

Ojjt 

Precycling  (Figure  130)  .575 

.189 

1.171 

.188 

1.204 

11.23 

Shadow  1 (Figure  1 31 ) 

.198 

15.78 

Cells  scheduled  for  capacity  checks: 

Shadow 

Cells 

1 

5 

2 

4,5 

3 

5 

4 

3,4,5 

5 

repeat 

sequence 
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d.  Test  results  during  the  Eclipse  Season  (Figures  132  and  133). 


x 0) 

of  cell  5,  increased 
being  reconditioned, 
the  capacity  check, 
24  hours  during  cell 


End  of  Discharge  Vol tages:  The  end  of  discharge  voltage, 

after  its  capacity  check  which  shows  the  effect  of  it 
The  decrease  in  the  average  and  low  values,  after 
was  due  to  the  other  cells  being  on  open  circuit  for 
5s'  capacity  check. 


. . , (2)  Pressure  at  End  of  Discharge  and  Charge: 

remained  below  30  PSIA  throughout  the  eclipse  season. 


The  pressures 


e-  Performance  during  Sun  Period:  Pack  began  test  with  an 

eclipse  season  and  has  completed  one  sun  period.  The  pressures  indicated 
a vacuum  during  this  period,  following  is  a listing  ofjihe  high  average 
and  low  cell  voltage  at  the  start  and  end  of  this  period  9 ' 


Sun  Period 


1 


Voltages** 

Start 

End 

High 

1.416(1) 

1.407(1  ) 

Average 

1.413 

1.405 

Low 

1.411(2) 

1.403(4) 

**--(  ) indicates 

which  cell 
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E.  EP  12.0  ah 

l . Pack  221A,  5-cells 


a.  Celi  information: 

(1)  The  cells  were  purchased  by  NASA,  GSFC  under 
contract  number  NAS  5-16530.  The  cells  contain  auxiliary  electrodes  and 
cells  1,  3 and  5 contain  pressure  gauges.  The  cells  were  identified 

by  the  manufacturer  as  RSN-12B  type  cells.  Acceptance  test  results  are 
contained  in  the  NAD  Crane  Report  QEEL/C  71-366  of  8 December  1971. 

(2)  Two  uncycled  cells  were  sent  to  GSFC  for  analysis. 


b.  Parameters: 

Depth  of  Discharge  {%)  60 

Charqe  Control  VL 

Charge  Current  (amps)  1.20 

Discharge  Current  (amps)  6.00 

Voltage  Limit  (v/c)  1 42 

c.  Capacity  Checks: 


Temperature  (®C)  20 

Float  Current  (amps)  .20 
Auxiliary  Electrode: 
Resistance  (ohms)  20 


(Discharge  to  .50  volts  any  cell) 


•recycling  (Figure  134) 
ihadow  1 (Figure  135) 
(Figure  136) 
(Figure  137) 
(Figure  138) 


Shadow 

Shadow 

Shadow 

Shadow 

Shadow 

Shadow 


(Figure  139) 

ihadow  8 (Figure  140) 
ihadow  9 (Figure  141) 


Cell 

Cell 

Cell 

Cell 

Cell 

ah 

CSJ 

2 

3 

4 

5 

out 

.955 

.954 

.956 

.500 

15.20 

1.048 

.995 

.464 

.927 

.539 

16.57 

1.005 

.969 

.517 

.946 

.377 

16.36 

1.018 

.989 

.480 

.939 

.642 

15.52 

.964 

.931 

.444 

.864 

.631 

16.70 

.955 

.944 

.553 

.847 

.460 

15.84 

1.048 

1.063 

1.056 

.957 

.481 

12.32 

1.053 

1.054 

1.045 

.963 

.498 

11.0 

1.044 

1.046 

1.027 

.984 

.498 

9.81 

1.039 

1.033 

1.027 

.984 

.487 

10.06 

d.  Test  results  during  Eclipse  Seasons:  (Figure  142  to  150) 

(1)  End  of  Discharge  Voltages:  There  is  a sharp  decline 

in  the  low  E0D  voltages  following  shadow  5,  due  to  cell  5.  The 
reconditioning  effect,  due  to  the  capacity  checks,  is  present  during 
the  shadow  periods  except  for  the  low  E0D  voltages  (after  shadow  5) 
because  of  cell  5.  A malfunction  in  the  control  unit,  prior  to 
shadow  6,  permitted  the  pack  to  be  overcharged  to  the  extent  that  the 
cell  cases  are  slightly  swollen.  Also,  cell  1 and  2 were  found  to 
have  leaks  around  their  negative  terminals. 
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(2)  End  of  Charge  Voltages:  The  cells  were  unbalanced 

during  the  shadow  periods,  at  the  end  of  charge.  This  condition  led  to 
the  pack's  temperature  increasing  during  the  third  shadow  period  in 
which  the  ampere-hour  input  and  end  of  charge  current  increased  while  the 
pack  voltage  decreased. 

(3)  Ampere-Hour  Input:  The  amount  returned  to  the  pack 

increases  as  the  cell  voltages  become  more  unbalanced  and  also  as  the 
temperature  of  the  pack  increases  due  to  the  increasing  amount  of  input. 
The  difference  in  the  ampere-hour  graph  for  shadow  6 may  be  due  to  the 
cells  being  overcharged  during  the  preceding  sun  period. 

(4)  Pressures  at  End  of  Charge:  Pressures  remai  ted  in  a 

vacuum  during  the  first  2 shadows;  but  increased  to  100  psia  during  the 
middle  of  shadow  3,  when  the  pack's  temperature  increased.  The  pressures 
have  since  been  on  a steady  decline,  as  observed  in  the  middle  portion 

of  the  shaJow  periods,  to  where  only  cell  3 indicated  a pressure  (40  PSIA) 
during  shadow  9. 
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e Performance  during  Sun  Periods:  The  pack  ^^liUit’duH^  these 

with  an  eclipse  seaf"'  ^d^"u'"t1«t"^r1od,  the  pack  was  and  Is  ‘00° periods 

ssg^sh?npOTi.  wisss  sn  n.**  - - «*•  — e and  1ow 

*e"PioluSes1t  the  start  and  end  of  each  sun  period. 

Sun  Periods 


Voltages* 

High 

Average 

Low 

1 

Start** 

05674) 

1.422 

1.415(1) 

End 

1.409(4) 

1.405 

1.400(1) 

2 

Start 

1739674) 

1.392 

1.388(5) 

End 

1.405(4) 

1.400 

1.393(1) 

j 

Start 

1739574) 

1.384 

1.376(5) 

7 

End 

1.4T374) 

1.396 

1.388(1) 

Start 

1717T74) 

1.352 

1.329(5) 

8 

Voltages 

High 

Average 

Low 

5 

Start 

1739214) 

1.375 

1.360(5) 

End 

1.35T7D 

1.369 

1.340(3) 

6 

Start 

17390(4) 

1.372 

1.356(5) 

End 

1.380(4,5) 

1.368 

1.354(2) 

Start 

1756674) 

1.369 

1.355(5) 

End 

1.380(5) 

1.364 

1.350(3) 

Start 

1739275) 

1.381 

1.366(3) 

Voltages 

High 

Average 

Low 

9 

Start 

1.461(4) 

1.388 

1.367(2) 

End 

1.386(4) 

1.374 

1.360(2) 

*__(!  indicates  which  cell 
**-- values  on  VL  float,  others  at 

.2  amps 

• 

End 

1.37*72) 

1.368 

1.360(1) 


End 

1 .385X4) 

1.361 

1.346(2) 
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2.  Pack  222A,  5-cells 


WQEC/C  77-134 


a.  Cell  information:  (Same  as  pack  221A,  Section  V.E.l.) 

b.  Parameters: 


Depth  of  Discharge  {%) 

60 

Temperature  1 

CC) 

10 

Charge  Control 

VL 

Float 

Current  (amps) 

.20 

Charge  Current  (amps) 

1.20 

Auxiliary  Electrode: 

Discharge  Current  (amps) 

6.00 

Resistance  (ohms) 

20 

Voltage  Limit  (v/c) 

1.457 

c.  Capacity 

Checks: 

(Discharge 

to  .50 

volts  any 

cell) 

Cell 

Cell 

Cell 

Cell 

Cell 

ah 

Precycling  (Figure  151) 

1 

2 

3 

4 

5 

out 

.756 

.864 

.500 

.900 

.872 

15.70 

Shadow  1 (Figure  152) 

.714 

.909 

.782 

.826 

.696 

16.21 

Shadow  2 (Figure  153) 

.841 

.977 

.700 

.561 

.979 

17.38 

Shadow  3 (Figure  154) 

.471 

.903 

.475 

.073 

.922 

17.64 

Shadow  4 (Figure  155) 

.627 

.839 

.732 

.424 

.907 

17.94 

Shadow  5 

.534 

.769 

.592 

.221 

.845 

18.06 

Shadow  6 

1.079 

1.037  1 

.088 

1.086 

.481 

13.39 

Shadow  7 (Figure  156) 

1.165 

1.068  1 

.162 

1.170 

.470 

10.52 

Shadow  8 (Figure  157) 

1.171 

1.128  1 

.173 

1.176 

.476 

8.81 

Shadow  9 (Figure  158) 

.566 

.421 

676 

.954 

* 

17.28 

*--Cell  5 leaking,  discontinued  during  capacity  check,  5.5  ah  out. 

d.  Test  results  during  Eclipse  Seasons:  (Figures  159  to  167) 

(1)  End  of  Discharge  Voltages:  There  was  a sharp  decrease 

in  tne  low  EOD  voltages  during  shadow  6 as  compared  to  the  previous  shadows. 
This  decline  can  be  attributed  to  the  "drying  out"  of  cell  5.  The  pack  was 
transferred,  following  eclipse  season  3,  from  the  old  data  system  to  the 
new  computer  controlled  data  acquistion  system.  While  rewiring  the 

pack,  a small  hole  was  created  in  the  seal  of  cell  5 while  soldering.  This 
hole  was  potted  and  the  cell  allowed  to  remain  in  the  pack.  The  cell  was 
checked,  at  the  beginning  of  shadow  6,  and  found  to  be  lea  kino.  This  cell  was 
removed  (shadow  9)  during  the  capacity  check  in  which  it  delivered  5.5  ah. 

(2)  End  of  Charge  Voltages:  The  cells  have  always  been 

unbalanced  at  the  end  of  charge.  Cell  5 began  to  exhibit  the  highest 
voltage  during  shadow  6 which  indicates  it  was  "drying"  out. 
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(3)  Ampere-Hours  Input:  The  input  Is  high  at  the  beginning 

of  shadows  6 and  7 due  to  the  pack  being  charged  at  1.2  amperes  constantly 
at  the  end  of  the  sun  periods  preceeding  these  shadow  periods.  The  high 
input  at  the  beginning  of  shadow  8 is  due  to  the  pack  not  being  fully 
charged  at  the  start  of  its  shadow  period.  The  ampere-hour  input  at  the 
beginning  of  shadow  9 is  normal,  due  to  the  pack  being  trickle  charged 

at  .2  amperes  during  the  sun  period  prior  to  shadow  9. 

(4)  Pressures  at  End  of  Charge:  Pressures  did  not  exceed 

25  psia  during  any  eclipse  season.  Cell  5 did  not  indicate  a change  in 
pressure  following  the  sun  period  prior  to  shadow  6. 
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WQEC/C  77-134 

e-  Performance  during  Sun  Periods:  The  pack  has  completed  9 sun  periods  as  it  began  test  with 
an  eclipse  season.  he  pack  floated  at  its'voltage  limit  for  the  first  4 periods.  At  the  end  of  periods  5 
and  e,  it  was  charging  at  1.2  amperes  due  to  temperature  increase  and  was  below  its  voltage  limit.  Following 
?’^he*Pi!ck  haS  bee!I  p1.aced  on  a -2  a^^e  trickle  charge  for  the  sun  periods.  The  pressures  have 

durinq  the  f1oat  ^iods,  even  when  the  cells  were  being  overcharged.  Following 
is  a listing  of  the  high,  average,  and  low  cell  voltages  and  current  (amps)  at  the  start  and  end  of  each 
sun  period. 


Sun  Periods 


1 


Voltaqes* 

Start 

End 

High 

1. 47414) 

1.480(4) 

Average 

1.458 

1.457 

Low 

1.431(2) 

, 1.430(5) 

Current 

.12 

.17 

Voltaqes 

Start 

c 

End 

High 

1.510(4) 

1.478(2) 

Average 

1.457 

1.446 

Low 

1.432(5) 

1.420(3) 

Current 

.20 

1.20 

Voltages 

Start 

9 

End 

High 

1.423(2) 

1.403(2) 

Average 

1.411 

1.393 

Low 

1.398(4) 

1.386(4) 

Current 

.2 

.2 

Start 

End 

Start 

1.481(4) 

1.485(4) 

1T465T4) 

1.459 

1.457 

1.455 

1.446(2) 

1.440(5) 

1.447(2) 

.15 

.19 

.13 

Start 

6 

End 

Start 

1.49TT5) 

1.450(2) 

17487X5) 

1.454 

1.424 

1.453 

1.430(2) 

1.411(5) 

1.428(3) 

.34 

1.20 

.20 

4 


End 

Start 

End 

1.489(4) 

17513X4) 

1.488(4) 

1.457 

1 .459 

1.458 

1.436(5) 

1.434(5) 

1.427(5) 

.22 

.19 

.51 

7** 

8 

End 

Start 

End*** 

1.397(2) 

17443X5) 

1.383 

1.411 

1.311 

1.376(3) 

1.397(1) 

.20 

.20 

* — ()  indicates  which  cell 

**--  current  reduced  to  .2  amperes  at  start 

--cells  were  1.310  volts  and  not  fully  charged  due  to  low  voltage  programed  on  power  supply 
f.  Cell  Analysis:  Cell  5 was  sent  to  GSFC  for  analysis. 
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1.212  V5 
1.211  VS 
1.210  A/5 
1.209  V5 
1.208  V5 
1.20/  V 5 
1.206  V5 
1.70*  95 
1.202  V5 
1.201  v5 
1.200  v5 

1.199  v5 

1.199  .5 
1.197  V5 


377 


PACK  NUMBER  IS  2c  2 A 


DATE  OF  RUN  is  09/25/76 
TIME  AMPS  Cl 


CELL-V  CELL-V  CtLL.V 

1.200  V3  1.200  VA  1.195 
1.19B  V3  1.199  VA  1.192 
1.195  V3  1.19P  VA  1.190 
1.19A  V3  1.195  VA  1.189 


WQEC/C  77-134 


SHAOOm 

PtRlOD 

IS  1 

CYCLE  IS 

29. 

PAGE 

IS  2. 

CELL-V 

CELL-V 

CELL— V 

CELL-V 

AVE-V 

HK.W-V 

LOK-V 

1.200 

.000 

.000 

.000 

1.199 

1.200 

1.195 

1.199 

.000 

.000 

.coo 

1.197 

1.199 

1.192 

1.197 

.000 

.000 

.000 

1.195 

1.198 

1.190 

1.195 

.000 

.000 

.000 

1.193 

1.195 

1.189 

1.19A 

looo 

.000 

.coo 

1.191 

1 .1Q<* 

1.186 

1.192 

.000 

.000 

.000 

1.189 

1.192 

1.182 

1.190 

.000 

.000 

.000 

1.187 

1.190 

1.179 

1.188 

.000 

.000 

.000 

1.183 

1.188 

1.171 

1 .185 

.000 

.000 

.000 

1.178 

1.185 

1.162 

1.182 

.000 

.000 

.000 

1.173 

1.182 

1.150 

1.179 

.000 

.000 

.000 

1.16b 

1.179 

1.136 

1 . 1 A 8 

.000 

.000 

.000 

1.130 

1 .1A8 

1.103 

1.120 

.000 

.000 

.000 

1.109 

1.120 

1.086 

1.108 

.000 

.000 

.000 

1.097 

1.108 

1.076 

1.C96 

.000 

.000 

.000 

1.086 

1 .096 

1.068 

1.082 

.000 

.000 

.000 

1 .075 

1 .085 

1.057 

1.071 

.000 

.000 

.000 

1.063 

1 .074 

1.0A6 

1.057 

.000 

.000 

.000 

1.051 

1 -06A 

1.031 

1.039 

.000 

.ooo 

.000 

1.036 

1 .OS? 

1.019 

1.020 

.000 

.000 

.000 

1.020 

1 .039 

1.008 

.999 

.000 

.000 

.000 

1.00? 

1 .025 

.997 

.970 

,000 

.000 

.000 

.979 

1 ,010 

.962 

.921 

•000 

.000 

.000 

• 9AA 

.996 

.913 

.852 

.000 

.000 

.000 

.896 

.97A 

.8A6 

.772 

.000 

.000 

.000 

.8A1 

-9A7 

.77? 

.696 

.000 

_ .000 

.000 

.785 

.909 

.696  

o 

T Jf 

T 1*1 

1. 

*• 

I: 

10. 

12. 

1*. 

16. 

18. 

20. 

22. 

2«. 

26. 

28. 

30. 

32. 

3«. 

36. 

38. 

*0. 

*2. 

4*. 

66, 

*6. 

50, 

52. 

-it: 

If: 

ti: 

66. 

I'* 

72. 

7*. 

76. 

78. 


wt 


-jN  IS  08/2 
IMPS 


7,  76 


CELL--  CELL-V 


.098 

.39f 

.594 

.793 

.922 

.1.92 

.392 

.592 

.*.99| 

1:1?| 

1:15 

2.994 

3.195 

3.396 

>:??» 

f.S 

*1605 

4.806 


VI 

vl 

v’. 

Vl 

vl 

vl 

vl 

Vl 

Vl 

vl 

vl 

vl 

vl 

Vl 

Vl 

vl 

Vl 

vl 


pack  SOMBER  IS  222 A 

CtLL-V  CELL-V 

1:!H  vl 

t:l°4 ?! 

1.289  VS 


SHADOW  PERIOD  IS  2 

CELL-V 


!:§H  vi 

1-.2  77  VJ 

i*2Z2  V? 

1.26"  V2 
1.26T  V2 
1.26*  V2 
1.26’  V'- 
.26°  V2 

:!!;  s 

.25»  V2 
.24*  V2 
.247  v2 

-.2*:  v2 
.2*1  V2 

:fl5  ?S 

•2?s  v? 

, ; v, 


t:«l  H 

1.303  V3 
1.296  Vi 

':!»»  ! 

1279  V? 

:!?!  ?! 

.270  V1 

.268  V 3 
1.266  V3 
1.264  V| 
1.261  V 3 
1.260  V3 
1.258  V3 
1.255  V| 
1.253  V| 
.250  V3 
.2*9  V3 
.245  V3 
.2*3  V1 
.2*0  V3 

Vl 


1.J1J  V* 
1.-13  V* 

U30*  V* 
1.298  V* 
1.291  V* 
1.287  V* 
ll281  V* 

hitf  ?i 
r.hi  ?* 
1:13  ?: 

.266  V* 
126?  V* 
.261  V* 
.259  V* 
.257  V* 
.253  V* 
.251  V* 
..2*9  V* 
1.2*7  V 4 
1.244  V* 
1.241  V4 
ll$39  V* 
1.236  V4 


1.205  V3 
1.203  V3 
1.203  V3 
1.201  V 

1.200  V 

:i XI  ?* 

1.197  V3 
1.196  V3 
1.195  V3 
1.194  V3 
1.19*  V3 
1.193  V3 
1.191  V| 
1.190  V| 
1.190  V3 


V* 
V* 
V* 
V* 
--  V* 
.00  V* 
..199  V* 
1.198  V* 
1.198  V* 
1.196  V* 
1.195  V* 

!:12?  » 

: « » 

1.190  V* 


1.283  V5 
1.281  V5 
1.277  V5 
1.275  V5 
1.272  V5 
1.270  VS 
1.269  V5 
.267  VS 
.26*  V5 
.261  V5 
.260  V5 

:il? « 

1.251  V5 
1.248  V5 
1.2*5  V5 
1.2*2  V5 
1.2*0  VS 
1.238  V5 
1.23*  V5 
1.231  V5 
.229  V5 
.225  V5 
222  V5 
.220  V5 

•a\i  i 
:!U  ?! 

.206  V5 
.20*  V5 

i*.202  ?1 

1:18 i vl 

1.199  V5 
1.199  V5 
1.198  VS 
1.197  V5 
1.196  V5 
1.196  V5 
1.19*  V5 
1.193  V5 
1.191  V5 
1.191  V5 
1.190  V5 
1.189  VS 


CELL-V 

1.33 
1.31 
1.306 
1.299 
1.292 
1.288 
1.283 
1.281 
1.278 
1.276 
1.27* 
1.270 
1.269 
1.267 
U265 
1.262 


1.256 

\:ll\ 

\:\il 

1.2*2 

1.2*0 

1.238 

1.23* 

1.231 

1.229 

1.226 

1.222 

1.219 

!;|h 

1.209 

1.207 

1:183 

•181 
..200 
1.700 
1.199 
1.198 
1.197 
1.196 
1.195 
1.193 
1.193 
1.191 
1.191 
1.190 


t: 


CELL-V 

.000 

tooo 

.000 

.000 

.000 

.000 

.000 

.000 

:888 

:888 

.000 

.000 

looo 

.000 

*.oo8 
.000 
.000 
. 000 
.000 
.000 
1 000 
.000 
looo 
.000 

•°22 

.000 

.000 

:888 

:°ooo 
1 000 
.000 
.000 
.000 
.000 

:8oo 
.000 
.000 
looo 
.000 
1 000 
.000 
.coo 
.000 
looo 
.000 
.000 
.000 


.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

:888 

.000 

.000 

.000 

.000 

.000 

.000 

:8oo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

tooo 

.000 

.000 

.000 

.000 

.000 

.000 

.coo 

.oco 

.000 

.ooo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


CYCLE  |S 

CELL-V 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.ooo 

.000 

.000 

.ooo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

:888 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.coo 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 


211. 

Pl&E 

IS- 

AVE-V 

Hlf.M-V 

LOW— V 

1.33* 

1.313 

1.303 

1.296 

1.290 

1.285 

1.281 

1.279 

1.276 

1.335 

1.315 

1.306 

1.799 

1.792 

1.786 

1.783 

1.781 

1.778 

■ 7 9 1 

1:1M 

i:l9* 

1.789 
1.283 
1.281 
1 .277 
1.275 
1 - >77 

77-134 

*0. 


I.?7* 

1.270 

I .769 

1.767 

I .765 

1.762 

1.760 

1.758 

1.756 

1.753 

1.751 

1.7*9 

1 .7*6 

1.7*2 

1.7*0 

1.738 

1.73* 

1.731 

1.779 

1.776 

1.722 

1.719 

1.715 

1.712 

1.711 

1.709 

1 .707 

1.705 

1 .703 

I .702 

1.701 

1 .700 

1.700 

1.199 

1.198 

1.198 

1.196 

1.195 

1.195 

1.193 

1.192 

1.191 

1.190 


WQEC/C  77-134 

PAGE  IS  41. 

I LOW-V 


CYCLE  IS 
CELL-V 


SHADOW  PERIOD  IS  2 
CELL-V  CELL-V  CFIL-V 


PACK  MUHbER  IS  222A 

CELL-V  CELL-V  CELL-V 

1.  89  V3  1.1&8  V4  1.188 
. 87  V3  1.187  V4  1.187 
. 86  V3  1.186  V4  1.185 
. 85  V3  1.185  V4  1.183 
l,  82  V3  1.183  V4  1.182 
1.  81  V 3 1.181  V4  1.181 

l!  80  V3  1.180  V4  1.180 
U179  V3  1 1 1 76  V4  1.178 
1*176  V3  1*177  V4  1.177 
l!  74  V3  U174  V4  1.173 
U172  V3  U172  V4  1.171 
U170  V3  1.170  V4  1.170 
1.168  V3  1.166  V4  1.167 
1.164  V3  1.161  V4  }.J63 
1.161  V3  1.157  V 4 1.159 

1.157  V3  1.147  V4  1.152 
1.150  V3  1.139  V4  1.143 
1.141  V3  1.1?7  V4  1.131 


DATE  OF  RUN  15  08/27/76 
Xl«E  AMPS  Cl 

108.  19.867  VI 


1 CYCLE  IS  393. 

CFLL-V  CELL-V  AvE-V 


KJf,  IS  08/27/ 76 

AMPS  CELL- 


PACK  MUH&fcH  IS  222A  SHADOW  PERlOO 

CELL-V  CELL-V  CELL-V  CELL-V  CELL-V 


V 1.33*  V2 

V 1.31*  V2 

V 1.30"  V2 

V 1.30'J  v2 
Vl  1.29’  v2 

V . 1.Z8*  m2 

Vl  1.28’  m2 
V,  1.28]  V2 

V 1.27*-  V2 

V 1.27*  V2 
Vl  1.27°  M2 
Vl  1 . 26*  M2 
Vl  1.26*  M2 

V 1.261  m2 
Vl  1.25"  V2 
Vl  1.25]  V2 
Vl  1.25*  V2 
Vl  1.251  V2 
Vl  l.2*°  V2 
Vl  1.2**  V2 
Vl  1.2*’  V2 

V 1.2*1  V2 

V 1.23*  V2 
Vl  1.23*  V2 
Vl  1.23"  V2 
Vl  1.22*  V2 
Vl  1.221  V2 
Vl  ll2l"  V2 
Vl  1.21*  V2 
Vl  1.211  m2 
Vl  1.20°  M2 
Vl  1.20*  V2 

V 1.20’  M2 

V 1.20°  M2 

V 1.19°  V2 
Vl  1.19*  M2 
Vl  1.19’  M2 
Ml  1.197  V2 
Vl  1.191  V2 

V 1.19"  V2 
Vl  1.189  v 2 

V 1.18*  V2 

V 1 1 18-  V2 

V 1.187  V2 
Vl  1.187  V2 
Vl  1.18*  M2 
Vl  1.18*  M2 

V 1.18*  V2 
Vl  1.18’  V2 
Vl  1.18’  V2 
Vl  1.181  V2 
Vl  1.18"  M2 
Ml  1.17"  M2 


1.337  v3 

1:8?  Si 

1.300  V3 
1.29*  V3 
1.269  V3 

ll281  S| 

1.279  V 3 
1.27*  V3 
1.271  V3 
1.268  V3 
1.265  V3 
1.262  Mi 
1.260  V3 
1.257  V3 
1.25*  V3 
1.251  V3 
1.2*9  V3 
1.2*5  V3 
1.2*2  V3 
1.2*0  V3 
1.236  V3 
1.235  V3 
1.230  Mi 


1.219  V3 
1.215  V3 

:2U  SI 
):|o2  Si 
:?S?  Si 
i:t?|  Si 
i:iSi  Si 

1.189  Mi 
1.189  V3 
1.189  V3 
1.188  Mi 
1.186  V3 
1.186  V3 
1.186  V3 
1.185  Mi 
1.18*  V3 
1.183  V3 
1.182  V3 
1.181  V3 
1.161  V3 
1.179  V3 


t:i?8  Si 

1.3(9  V* 
1.2*.9  V* 
1.296  V* 
1.290  V* 
1.267  V* 
1.282  V* 
1.279  V* 
1.276  V* 
1 ..73  V* 
1.27C  V* 
1.267  V* 
1.26*  V* 
1.261  V* 
.259  V* 
.257  V* 
.253  V* 
.250  V* 
1.2*8  V* 
1.2*5  V* 
1.2*2  V* 
1.239  V* 
1.236  V* 

i:!}?  Si 
: m Si 

1.217  V* 
1.213  V* 
ll209  V* 

|i  I 

1.195  V* 
1.193  V* 
1.193  V* 
1.191  V* 


1.189  V* 
1.188  V* 
1.187  V* 
1.186  V* 
1.186  V* 
1.18*  V* 
1 183  V* 
1.183  V* 
1.181  V* 
1.161  V* 


1.336  V5 
1.316  V5 
1.308  V5 
1.302  V5 
1.293  V5 
1.289  V5 
1.285  V5 
1.280  V5 
1.279  V5 
1.27*  V5 
1.271  V 5 
1.269  V5 
1.265  V5 
1.262  V5 
1.260  V5 
1.257  V5 
1.25*  V5 
1.251  V5 
1.2*9  V5 
1.2*6  V5 
1.2*2  V5 
1.2*0  V5 
1.237  V5 
1.23*  V5 
1.230  V5 

1*223  V5 


1.206  V5 

\m  si 

1.196  V5 

1.197  V5 
1.193  V5 
1 192  V5 
1.191  V5 
1.190  V5 
1.189  V5 
1.188  V5 
1.188  V5 
1.187  V5 
1.186  V5 
1.185  V5 
1.18*  V5 
1.18*  V5 
1.183  V5 
1.182  V5 
1.161  V5 
1.180  V5 
1.179  V5 


1.310 

1.30* 

1.298 

1.292 

1.288 

1.28* 

1.280 

1.278 

1.27* 

1.271 

1.269 

1.266 

1.261 

1.259 

1.257 

1.253 

1.250 

1.2*8 

1.2*5 

1.2*1 

1.2*0 

1.236 

1.232 

1.226 


1.200 
1.198 
1.195 
1.193 
1.192 
1 1 191 

:H8 

1:112 

1.187 

1.187 

1.186 

1.186 

1.18* 

1.183 

1.183 

1.182 

1.181 


1.337 

uiol 

1.301 
1.295 
1.290 
1.286 
1.262 
1.279 
1.275 
1.272 
1.269 
1 .266 
1.263 
1.260 
1.258 
1.255 
1.252 

l:h? 

!:l:f 

1.238 

1.235 

1.231 

1.225 

1.222 

1.219 

1.216 

1.212 

1.209 

1.206 

1.20* 

1.201 

1.199 

1.197 

1.19* 

1.192 

1.192 

1.190 

1.189 

1.189 

1.188 

1.187 

1.187 

1.186 

1.185 

1.185 

1.163 

1.182 

1.182 

1.181 


PAGE  i) 


HlGM-V 

1.339 
1.320 
1.310 
1.30* 
1.298 
1.792 
1.788 
1.78* 
1.780 
1.778 
1.77* 
1.771 
1.769 
1.766 
1.761 
1.759 
1.757 
1.253 
1.750 
1.7*8 
1.7*5 
1 .7*7 
1.7*0 

1.736 

1.737 
1.777 
1.773 
1.720 
:.717 
1.713 
1.710 
1.708 
1.705 
1 .701 
I .700 
1.198 
1.195 
1.193 
1.193 
1.191 
1.190 
1.190 
1.189 
1.189 
1.188 
1.167 
1.186 
1.186 
1.18* 
1 .1  A3 
1.183 


LOW-V 

1.336 

1.316 


DATE  OF  HON  IS  08/27/76 

TI*E  AMPS  CELL-' 


PACK  NUMBER  IS  222 A 
CELL-V  CELL-V  CELL-V 


11.230 
11. <.31 
11.632 
11.833 
12.035 
12.235 
12.6J6 

I!:!if 

13.662 

13.663 
13.863 
16.063 
16.261 
16.638 
16.636 

1:81 

|f:ig 

tiiij 

1:11! 

5:81 

171662 

17.661 


it  llllii! 

!.l 76  v2 
1.17"  V2 
1.16"  V2 

1.166  v2 
1.16"  V2 
1.156  V* 
1.16"  V2 

U121  Si 

1:IJJ  Si 

1.096  v2 
1.08"  V? 
1.081  V2 
1.07"  V2 
1.066  v2 
1.06»  yj 
1.06"  V2 
1.051  v2 

l:°o6"  si 

i:8g  Si 
i:§|5  Si 

198"  v2 

Si 


1.178  V3 
1.177  V3 
1.176  V3 
1.172  V3 
1.170  V3 
1.169  V3 
1.165  V3 

l:l!i  SI 

1.150  v3 
1.162  v 3 
1.130  vs 
1.116  /3 
1.107  v3 
1.100  V3 
1.096  v3 
1.087  V3 
1.081  V3 
1.071  V3 
1.059  VJ 
1.055  V3 

I:®*?  SI 

1.066  V3 

1:851  SI 
!:§ls  si 

.983  v3 
.956  v3 
.957  V3 
.903  V3 


1.1*0  V6 
1.178  V6 
1.176  V6 
1.176  V 6 
1.171  V6 
1.169  V6 
1.167  V6 
1.161  V6 
1.156  V6 
1.166  V6 
1.132  V6 
1.119  96 
1.110  V6 
1.102  96 
1.096  96 
1.087  96 
1.080  96 
1.072  96 
1.065  96 


1.061  96 

1:818  Si 

1.061  V6 

:8}t  Si 

:8  i Si 
1»010  96 
.992  v6 
.959  96 
.810  96 
.675  96 


MQEC/C  77-134 


CELL-V 


1.180 

1.179 

1.177 

1.176 


1.176 
1 . 1 i 


-.172 
1.171 
1.169 
1.166 
1.162 
1.159 
1.152 
1.165 
1.129 
1.113 
1.103 
1.097 
1.090 
1.081 
1.069 
1.062 
1.060 
1.055 
1.069 
1.067 
1 062 
1.039 

iloll 

1.023 

1.007 

.976 

.922 


PERIOD 

IS  3 

CYCLE  IS 

393. 

( 

CELL-V 

CELL-V 

CELL-V 

AVt-V 

H1C.H-V 

.000 

.000 

.000 

1.179 

1.180 

.000 

'I' 

1.178 

1-179 

.000 

.ooo 

1.176 

1.177 

.000 

.000 

.000 

1.176 

1.176 

.000 

.000 

.000 

1.171 

1.176 

.000 

.000 

.000 

1.170 

1.172 

.000 

.000 

.ooo 

1.167 

1.171 

.000 

.000 

.ooo 

1.163 

1.169 

.000 

.ooo 

.ooo 

1.158 

1.166 

.000 

.000 

.000 

1.152 

1.162 

.000 

.000 

1.163 

1.159 

.000 

.000 

.000 

1.131 

1.152 

.000 

.000 

.coo 

1.120 

1.165 

.000 

.000 

.000 

1.110 

1 • 1 ?9 

.oor 

.000 

.000 

1.101 

1.113 

.000 

.000 

.000 

1.096 

1.103 

.000 

.000 

1.087 

1.097 

.000 

.000 

.000 

1.080 

1.090 

.000 

.ouO 

.000 

1.071 

1 .061 

.000 

.000 

.000 

1.067 

1 .076 

.000 

.ooo 

.ooo 

1.061 

1 .067 

.000 

.000 

.ooo 

1.056 

1 .060 

.oco 

.000 

.ooo 

1.051 

1.055 

.000 

.000 

.000 

1.066 

1.069 

.000 

.000 

.000 

}.06i 

1.067 

:0oo 

.000 

1.035 

1.062 

.000 

.000 

1.029 

1 .039 

.000 

.000 

.000 

.000 

1.021 

1-017 

‘:o3o 

.oco 

.ooc 

.000 

1.006 

1 .023 

.000 

.000 

.000 

.000 

.982 

.839 

1 .007 
.976 

.000 

.000 

.000 

.569 

.922 
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cow-v 


:l?? 

1 172 
.170 

•M 

:1I2 
.166 
.13  2 
.119 
.11° 
.10? 
.096 
.087 
.080 
.07? 
.065 
.059 
.055 
.050 
.067 

lor 


.073 


mmmnn 


xtittUltUtlhxxi 
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tiinuirniiimTi 


iirarKiffas 


£“2^  PAG*  » 
08  «»*  flUAUrj 


oate  oe 
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HUN  IS  09/10/76 

AMPS  CELL-W 


.478 

1.19J> 

1.910 

2.629 


vi  }•*?: 

A :|ii 

Vl  1 *261 

Si  t:f|s 


3.366 

6.061 

6.7$0 


5.697 

6.216 

6.931 

l:\n 

8.365 

9.082 

9.799 

10.516 


1.196 

1.186 

1.18" 

1.182 

1.17" 

1.17" 

1.16* 


PACK  NUMBER  IS  222A 


SHADOW  PERIOD 


CELL-V 


CELL-V 


CELL-W 


CELL-V 


CELL-V 


CELL-V 


CYCLE  IS 
CELL-V 


His «! 

1.253  V 3 

1:15!  ft 

1.220  V3 
1.207  VJ 

lii’i  « 


1.  62  V3 
1.151  V3 
1.165  V3 


1.361  V6 
1.326  V* 
1.295  V6 
1.278  V* 

1.265  V6 
1.256  V6 

1.266  V* 
1.232  V6 
1.220  V* 
1.207  V* 
1.195  V6 


1.068  V3 


^ - ■ 


II I 

1.263  V5 
1.252  V5 


1.229  V5 


1.188  V* 
l.»85  V 6 
1.166  V6 


U205  V5 
1.196  V5 


1.18b  Vi 

1.185  V5 

1.186  V5 


1.179  V6 
1.173  V* 
1.161  V* 


1.180  V5 
1.177  V5 
1.170  V5 


{'Alt 

1.198 

1.276 

l:\Vo 

1.075 

1.025 

.978 

.931 

.865 

.801 

.756 

.731 

.651 

.566 

.669 


1.305 

1.27! 

1.273 

1.239 

1.226 

1.206 

1.187 

1.168 

1.168 

1.125 

1.105 

1.092 

1.085 

1.061 

1.036 

1.006 
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P«6E  IS  2 


high-v 


1.361 
1.326 
I .295 
1.278 

1.265 
1.256 

1.266 
1.232 
1.220 
1.207 
1.195 
1.188 

1.185 

1.186 
1.180 
1.177 
1.170 


1.152 

m 

1.025 

.978 

.931 

.865 

.801 

.756 

.731 

.651 

.566 

.669 
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OCLE  15  1773.  PAGE  IS  7 

CELL-V  AVE-V  NIGH-W  LOM-V 

.000  1.321  1.339  1.259 

.000  1.297  ' . 3?3  l.?i2 

.000  1.253  1.287  1.1|6 

.000  1.227  1.266 

.000  1.203  1.751  1.029 

.COO  1.179  i.?36  •til 

.000  1.158  1.225  *?fiS 

.000  1.169  1.721  .880 

.000  1.213  1.717  1.2®6 

.000  1.206  3 -?0B  1 • J2I 

.000  1.206  1.708  \’\V. 

.000  1.198  1.702  1.191 

.000  1.178  1.186  1.166 

.000  1.162  1.176  l.l** 

.000  1.137  1.168  1.0g8 

.000  1.097  1-166  1.056 

.000  1.066  J.092  f*2»9 

.000  1.066  1.063  }.J>26 

.ooo  1.032  * -252 

.000  1.016  1.039  .97* 

.000  .982  1.020 

.000  .907  .992  .767 

.000  .656  .953  .620 


SHAD06  PER  100  IS  9 

CELL-V  CELL-V  CELL-V 

1.259  .000  .000 

1.212  .000  .uOO 

} fU  .000  .000 

1.087  .000  .000 

1.029  .000  .000 

.967  .000  .000 

.908  .000  .000 

.880  .000  .000 

.000  .000  .000 

.000  .000  .000 

ooo  looo  .000 

.000  .000  .*<00 

.000  .000  .000 

.000  .000  .000 

•OOO  .coo  .000 

I OOO  .030  .000 

:§§g  :888  :888 

:888  :8o8  :888 

*000  .000  .000 

.000  ,000  .000 

.000  .000  .000 


PACK  NUMBER  IS  222A 

CELL-V  CELL-V  CtLL-V 

1.332  V3  1.339  V6  1.337  V5 

1.313  V 3 1.323  v6  1.319  v5 

ills  v 3 1 It 67  V 6 1.282  V5 

1.255  V3  1.266  V6  1.262  V5 

1.260  V3  1.251  V6  1.267  V5 

1.226  V3  1.236  V6  1.233  V5 

1216  V3  1 1225  V6  1.222  V5 

U210  V3  1.221  V6  1.218  V5 

ll206  V3  1.217  V6  1.216  V5 

1.197  v3  i.208  V6  1.206  V5 

1.197  v3  1.208  V6  1 .206  V5 

1.191  V3  1.202  V6  1.200  v5 

1 1 166  V3  1.183  V6  1.186  V5 

1.136  V3  1.169  V6  1.176  V5 

Il088  V 3 1 1 1-3  V 6 1.168  V5 

ll056  v 3 1 .09 1 V6  1.166  V5 

ll060  V 3 1 1 062  V6  1 .092  V5 

ll026  v!  1 1 05 1 V6  1.063  V5 

1.002  V3  1.060  V6  1.050  V5 

.978  V3  1.019  V6  1.039  V5 

.931  V3  .990  V6  1.020  V5 

1767  V3  .937  V6  .992  V5 

.620  V3  .676  V6  .953  V5 


DATE  OF  RUN  IS  09/10/76 

TIME  AMPS  Cl 

869.  .230  VI 

852.  .670  Vl 

90ll  1.620  Vl 

911.  2.380  Vl 

920.  3.330  Vl 

930.  6.2dO  Vl 

937.  6.990  Vl 

96O.  5.230  Vl 

962.  5.670  Vl 

967.  5.950  Vl 

' . t AC(I  M 1 
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M&h_Cn<ia 


LCW- CHAP 


10.100 

~ - — r 

_ j 

\m 

CF  HIW 
day 
1136. 
129?. 

1293. 

1294. 
129?: 
1297. 
1296. 

lioT: 

1303. 

1305. 

1306. 

1308. 

1309. 

1310. 

1311. 
1314. 


1324. 


is»?gm6 

1.270 

1.272 

1.253 

1:115 

1.212 

1.209 
1.207 
1.200 
1.199 

1.196 

1.197 
1.195 

1.192 

1.193 
1.191 

i:io7 

1.207 

1.203 

(:§!* 

1.216 

1.210 

1.221 


1572. 
1573e  — 

j|! 


22  2»  W8.  — 1 

157,: 


112?: 


AVF-CI3 

1.244 


• • « ' 


' * ‘ 7? 


m 


.1*1 


»* 

»• 

► 

9 


Ifsir 

1603. 

1604. 

1 606. - 

1607. 


1.211 


1.152 


i m 

.986 

.926 

:!!! 

.807 

.682 

.654 

.654 

.850 

.655 

$ 


»-  JOH-OiAfi 

1.491 
1.433 
1.427 
1.474 
1.479 
1.507 
1.505 

i:l\t 

1.503 
1.4^1 
1.466 
1.4/0 
1.501 
1 .496 
1.503 
1.499 
1.496 
1.494 

1.492 
1.494 

1.493 
1.491 


AV£-CHAR 

1.454 


\ :$8 


LCW-CHAR 

1.430 

1.399 

1.388 

1.415 

1.416 
1.423 
1.419 


¥ 

m 

¥ 

> 

9 

¥ 


i 


» 


394 


1.2*9 
1.277 
_ !• 


AVE-CIS 

1.2C4  1.0*5 

1*2*1  1.H2 

60.40000 


h IGH-CrtAfi 
1.501 


1,507 

157.30 


av!:c,ap 


1 


Or-'C  JF  RUN  IS  07/1 9/7i 
P*C;  D*T  'CURRENT 

222*  1124.  .420 

222*  112?.  .412 

2?2A  1126.  *40$ 

222*  1127:  :39? 

222*  1128.  $97 

222*  1129.  ,390 

ill;  HIS:  :*!£ 

ill;  1111:  :W 

ill;  ft?:  1:18? 

ill;  ill?:  1:188 

I it  ft : !:loc 


““w. 


SENT 

1337 

•All 

i| 

.397 

.367 

.350 

:bi 

All 

.462 

*45I. 20000 


.20000  125.00000 


talk]} 
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) 

> 

k 

i 

3 

c 

) 

) 


2** 

>22*  1767. 

!22*  1768. 

12JA  1769. 
122*  1770. 

122  * 1771. 

122*  1772. 

122*  177-.. 

122*  1775. 

'22*  1776. 

122*  1770. 

122*  1779. 

it  A 1782. 
22*  178-.. 

22*  1786. 

22*  1788. 

II*  }?$?: 

22*  1792. 

??*  J2?3. 


ar  m 

222*  1753. 

222*  175-,. 

m \m: 

m |tI5: 

222*  1761. 

222*  1762. 


OS/27/7 

Mj^mOis 

1.217 


L0W-0I5 

1.197 

1.230 

1.206 

1.193 

1.187 

1.185 

1.1B1 

1.179 

1.175 

1.169 

1.166 

1.169 

1.171 

1.171 

1.172 
1.167 
1.195 
1.187 
1.185 

1.185 
1.18* 

1.186 
1.191 
1.195 
1.201 
1.208 
1*217 
1.225 

-1:8* 

60000 

28000 


r | GH-CHAR 
1 .*66 
1.426 
1.426 
1 . *29 


*VE-Ch*R 
l .*52 


1.251 

1.218 

1.202 

1.197 

1.196 

1.193 

1.191 

1.187 

1.183 

1.182 

1.183 

1.186 

1.186 

1.187 

1.18* 

1.21* 

1.208 

1.207 

1.205 

1.203 

3.211 

{.213 

1.217 

1.220 


1 .*73 
1 .*23 
1 .*2  3 
l.*22 
1 .*22 
i.*2* 
1.410 
1 . **7 
l.**9 
1 .**7 
t.**7 
1 .**6 
}.*57 
1 ,*56 
1 .*57 
l .*57 
} .*57 
l .*57 
l.*57 
1 .*57 
l.*57 
} .*57 
1 .*57 
1.457 


1.428 

1.428 

1.431 

ll*30 

1.42* 

1.473 

1.466 

1.462 

1.460 

1.459 

1.475 

1.475 

l.*7* 


1.477 
1 .478 

i :iST 

1.482 

1.477 
1.476 

1.478 

16600  153 

*2800  1*0 


1.230 

1.238 

1.251 

1.279 

1.50000 

14.00000 


l:i?l 


,200flo 

.OOOOU 
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3.  Pack  223A,  5-cells 

a.  Cell  Information:  (Same  as  pack  221A,  Section  V.E.l.) 


b.  Parameters: 


Depth  of  Discharge  (%) 
Charge  Control 
Charge  Current  (amps) 
Discharge  Current  (amps) 
Voltage  Limit  (v/c) 


60 

Temperature  (°C) 

0 

VL 

Float  Current  (amps) 

.20 

1.20 

Auxiliary  Electrode: 

6.00 

1.495 

Resistance  (ohms) 

20 

c.  Capacity  Checks:  (Discharge  to  .50  volts  any  cell) 


Precycling  (Figure  168) 
Shadow  1 (Figure  169) 
Shadow  2 (Figure  170) 
Shadow  3 (Figure  171 ) 
Shadow  4 

Shadow  5 (Figure  172) 
Shadow  6 

Shadow  7 (Figure  173) 
Shadow  8 (Figure  174) 
Shadow  9 (Figure  175) 

d.  Test  re 


Cell 

Cell 

Cell 

1 

2 

3 

.500 

.770 

.934 

.918 

.869 

.911 

.849 

.942 

.931 

.880 

.827 

.886 

.437 

.769 

.800 

.495 

.815 

.808 

.457 

.753 

.768 

.570 

.858 

.909 

.623 

.842 

.838 

.629 

.874 

.842 

ts  during  Eclipse 


Cell 

Cell 

ah 

4 

5 

out 

.503 

.580 

lOo 

.793 

.466 

16.25 

.647 

.513 

16.82 

.528 

.489 

16.69 

.388 

.353 

17.08 

.538 

.501 

17.46 

.578 

.461 

17.88 

.666 

.624 

17.13 

.793 

.467 

16.59 

.832 

.485 

16.97 

(Figures  176 

to  184) 

(1)  End  of  Discharge  Voltages:  Effect  of  the  reconditioning 

of  the  pack,  due  to  the  capacity  check,  can  be  seen  for  each  season. 

(2)  End  of  Charge  Voltages:  The  cells  have  been  unbalanced, 

at  the  end  of  charge,  throughout  each  eclipse  season. 


(3)  Ampere-Hour  Input:  Input  was  high  at  the  beginning 

of  periods  6 and  7;  but  was  lower  for  period  8.  This  was  due  to  the  pack 
being  placed  on  a trickle  charge,  instead  of  being  voltage  limited,  during 
the  sun  period  between  shadow  periods  7 and  8. 

(4)  Pressures  at  End  of  Charge:  The  pressures  on  cells 

1 and  5 increased  from  15  and  25  psia,  during  period  1,  to  a maximum  of 
55  and  85  psia  during  period  7.  The  pressures  were  less  for  periods  8 
and  9 in  which  the  maximum  (cell  5)  was  55  psia  for  period  8 and  30 
psia  for  period  9.  The  lower  pressures  followed  the  pack  being  placed 
on  a trickle  charge  during  its'  sun  periods. 
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e.  Performance  during  Sun  Periods:  The  pack  has  completed  8 sun  periods  as  it  began  test 

With  an  ecliDse  season.  The  pack  floated  at  its  voltage  limit  for  the  first  6 periods  then  was  placed 
on  a tricklePcharge  of  .2  amperes  during  the  seventh  period  because  of  increased  cell  temperature.  * 

Dack  is  now  placed  on  Its  voltage  limit  float  with  a maximum  current  of  .2  amperes.  Pressui  es  had  Increased 
from  I maJimSm  0^25  psia  to  75psia  during  periods  1 to  6,  then  decreased  to  less  than  15  psla  dur  ng 
Deriods  7 through  9 Cell  5 exhibited  the  highest  pressure  throughout  the  sun  periods.  Follow  ng  1S  a 
listing  of  the  high,  average  and  low  cell  voltages  and  current  (amps)  at  the  start  and  end  of  each  sun  period 

Sun  Periods 


Voltages* 

High 

Average 

Low 

Current 

Start 

OWl) 

1.496 

1.450(2) 

.13 

1 

End 

1.5T7I4) 

1.495 

1.476(2) 

.07 

Start 

17530(1) 

1.493 

1.476(2) 

.18 

2 

End 

1.5T3(4) 

1.495 

1.484(2) 

.06 

Start 

own 

1.497 

1.481(2) 

.04 

3 

End 

1.5W4) 

1.495 

1.482(2) 

.05 

Start 

OW3) 

1.497 

1.478(1) 

.09 

4 

End 

1. 533(5) 
1.497 
1.428(1) 
.17 

Voltages 

High 

Average 

Low 

Current 

Start 

1.532T1) 

1.495 

1.410(3) 

.08 

5 

End 

1.529(4) 

1.494 

1.459(1) 

.70 

Start 

1.519(4) 

1.495 

1.439(3) 

.17 

6 

End 

1.534(5) 

1.496 

1.470(1) 

.70 

Start 

175T5(4) 

1.493 

1.454(3) 

.23 

7** 

End 

1.441(5) 

1.434 

1.425(1) 

.20 

Start 

17534(4) 

1.494 

1.439(3) 

.15 

8 

End 

1 .432(5) 
1.425 
1.415(1) 
.20 

Voltages 

High 

Average 

Low 

Current 

Start 

1752FT4) 

1.496 

1.443(3) 

.2 

9 

End 

1.447(3) 

1.426 

1.417(1) 

.2 

*--()  indicates  which  cell 

★* current  reduced  to  .2  amperes  during  this  period 
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f MI(*H  CELL 

♦ low  Cell 

* Average  Cell 
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1.68 
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8.  20. 


CELLS 


V3  V*  V5 


FIGURE  169 


FIGURE  170 


167  122.  13*.  1*6.  1*8.  170. 

10*.  t 16.  128.  1*0.  152.  16*. 


PACK.  NUMBER  IS  223* 
SHADOW  PERIOD. IS  2 

DIsbHARGEB^ATE“lS  tH 
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ampere  hour  Out 


i:.4VtUWU$-2 
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. •:  h CEi'- 
•*  _t*i  Cell 
* Avero'je  Cell 
• 2* 


PaC<  sJiaEf-  IS  223* 
SHADC*  PEBIOO.JS  5 

crcLf  nj&ber  ls,e  758‘ 
D1SC«a«0E  RATE  is  6. 


1.69  ».i5  4.54  5.99  7.45  8.90  10.35  11.30  13.26  14.71  16.14  17.46 

>7  2.62  3.82  5.27  6.72  8.17  9.62  11.08  1 12.S3  13.9S  _ 1S_4_3__16_82 


AHPERE  HOUR  OUT 
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C 

A 

P 

A 

c 

I 


1.60 

1.5? 

1.5a 


l:?1 


..48 
1.45 
1.42 

1:5? 

t.34 

1:14 

1.25 

l:« 
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PACK  r.u*d£R  IS  223A 


H'JM  IS  09/10/76 

AMPS  CELL-” 
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3. ISO 
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F.  GU  15.0  ah  (ATS  6) 

1.  Pack  226A,  5-cells 

a.  Cell  Information: 

(1)  The  cells  were  purchased  by  Fairchild  Industries  under 
contract  NAS-5-21100  for  NASA,  GSFC.  The  cells  have  the  following  manu- 
facturing properties: 

(a)  Number  of  plates:  10  negative  and  9 positive 

(b)  Average  plate  thickness:  38  mils  (negative  and 

positive  plates) 

(c)  Separator:  non-woven  nylon.  Pel  Ion  2505 

(d)  Free  volume:  45  cubic  centimeters 

(e)  Precharge:  1 .0  ampere-hour 

(f)  Negative/positive  ratio  specified:  1.40 

(g)  Excess  negative:  6.0  ampere-hour,  minimum 

(h)  Electrolyte:  43  cubic  centimeters,  31%K0H 

(2)  Performance  of  these  cells  were  presented  at  the  1975 
GSFC  Battery  Workshop  and  the  proceedings  are  contained  in  GSFC's  Report 
X-71 1 -76-21  of  November  1975. 

(3)  These  cells  are  considered  as  engineering  cells  and 
were  activated  in  January  1972.  They  received  acceptance  tests  at  GSFC, 
19.9  ah  (25°C)  and  15.8  ah  (0°C),  before  being  placed  on  a synchronous 
orbit  test  regime  at  GSFC. 

(4)  The  cells  completed  their  first  2 eclipse  seasons  at 
GSFC.  The  cells  were  fitted  with  pressure  transducers  prior  to  testing 
at  NAVWPNSUPPCEN  Crane. 


b.  Parameters: 


Depth  of  Discharge  (%)  50 

Charge  Control  VL 

Charge  Current  (amps)  1.50 

Discharge  Current  (amps)  6.25 


Voltage  Limit  (v/c)  1.410 
Temperature  (°C)  20 
Float  Voltage  (v/c)*  1.410 


♦--Following  shadow  period  5,  pack  was  placed  on  float  with  a voltage 
limit,  was  previously  constant  current. 

LOAD  MODE  TEST — One  discharge  (5tfK  D0D  at  the  1.87  ampere  rate)  per 
day.  Recharge  at  1.5  ampere  to  an  average  voltage  per  cell  of  1.410  volts. 

c.  Capacity  checks: 

(1)  Precycling  and  Shadow:  (Discharge  to  .75  volts  any 

cell  or  to  an  average  of  1.00  volts  per  cell,  whichever  occurs  first). 
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Cell 

1 

Precycling  (Figure  185)**  18.72 
Shadow  3 1.030 

Shadow  4 (Figure  186)  .998 

Shadow  5 (Figure  187)  .991 

Shadow  6 (Figure  188)  .996 

Shadow  7 (Figure  189)  .990 

Shadow  8 (Figure  190)  .992 

★*-_Precycling  prior  to  shadow  3. 


Cell 

Cell 

Cell 

Cell 

2 

3 

4 

5 

19.22 

18.72 

18.20 

18.72 

1.055 

.667 

1.010 

1.070 

1.001 

.982 

1.002 

1.013 

.990 

.988 

1.004 

1.008 

.994 

.992 

1.007 

1.009 

.993 

.999 

.998 

1.001 

.997 

.998 

.999 

1.002 

d.  Test  results  during  Eclipse  Seasons  and  Load  Mode 
Test:  (Figures  191  to  196) 


(1)  End  of  Discharge  Voltages:  Effect  of  the 

reconditioning  of  the  pack,  due  to  the  capacity  check,  can  be  seen 
for  each  season.  The  effect  become  more  pronounced  in  the  seasons 
following  the  Load  Mode  Test,  which  followed  season  3. 


ah 

out 

20.42 

18.10 

18.79 

18.50 

18.83 

17.57 


(2)  The  pack  was  placed  on  a Load  Mode  Test  during  the 
sun  period  following  eclipse  season  3.  The  pack  completed  94  cycles 
(50%  D0D-4  hours,  24  hour  orbit)  during  this  period.  The  pack  was 
placed  on  float  for  1 week  prior  to  and  following  this  test. 


(3)  End  of  Charge  Voltages  and  Ampere-Hours  In:  a 

variation  of  one  millivolt,  in  the  average  end  of  charge  voltage, 
causes  a change  in  the  ampere-hours  in  of  approximately  1 ampere-hour. 


(4)  Pressure  at  End  of  Charge:  The  average  end  of 

charge  pressure  was  8 psia  during  shadow  3.  This  steauily  decreased  to 
0 psia  during  shadow  8.  During,  float  4,  three  of  the  five  pressure 
transducers  (on  cells  1,  3 and  5)  were  damaged  by  a power  surge  during  an 

electrical  storm. 
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1 o c.in  neriods  at  NAVHPNSUPPCEH  Crane 

e Performance  during  Sun  Periods:  Tte  the  period  fallowing  that  shadow 

^ period. 

nui  nrnTHnC 


Voltaqes*** 

High 

Average 

Low 

Current 

3 

Start 

1 738415) 

1.383 

1.382(3) 

.25 

End 

1.393(3) 

1.392 

1.391(4) 

.25 

Start 

1738775) 

1.386 

1.385(3) 

.25 

4 

End 

1.404(1.3) 

1.403 

1.402(5) 

.25 

8 

End 

1.421(4,5) 

1.417 

1.412(2) 

.42 

Start 

l7Tf3T5) 

1.410 

1.409(2,4) 

.51 

5 

End 

1.413(4) 

1.409 

1.406(2) 

.47 

D 

Start 

1T41TT3) 

1.410 

1.409(2) 

.58 

End 

1.415(5) 

1.410 

1.408(2) 

.38 

Voltaqes 

High 

Average 

Low 

Current 

7 

Start 

1T412T3) 

1.411 

1.410(2) 

.66 

End 

1.415(3) 

1.412 

1.410(1) 

.40 

Start 

1741173) 

1.410 

1.409(2) 

.51 

***--()  Indicates  which  cell. 
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2.  Pack  226B,  5-cells 

a.  Cell  information: 


(1)  Same  as  Pack  226A,  Section  V.F.l.a.(l)  and  (2) 


(2)  These  cells  are  considered  as  flight  cell5-  as  they 
are  indicative  of  those  cells  which  were  launched  in  the  ATS-6  satellite 
in  May  1974.  These  cells  were  fabricated  without  electrolyte  in  1971  and 
were  stored  dry  in  argon  until  they  were  activated  in  April  1973.  They 
received  acceptance  tests  at  GSFC,  19.0  ah  (25°C)  and  15.5  ah  (0°C), 
before  being  placed  on  a synchronous  orbit  test  regime. 


3.  The  cells  were  fitted  with  pressure  transducers  prior  to 
testing  at  NAVWPNSUPPCEN  Crane. 

b.  Parameters: 


Depth  of  Discharge  (%) 
Charge  Control 
Charge  Current  (amps) 
Discharge  Current  (amps) 


50 

Voltage  Limit  (v/c) 

1.410 

VL 

Temperature  (°C) 

20 

1.50 

5.25 

Float  Voltage  (v/c) 

1.410 

LOAD  SHARING— Two  additional  discharges  (13%  and  20%  DOD  at  the  1 ampere 
rate)  during  each  day,  of  shadows  3 and  4. 


SITE  EXPERIMENT  SIMULATION— Two  discharges  (30%  and  43%  DOD  at  the  2 
ampere  rate)  per  day  during  the  sun  periods  following  shadow  3. 


c.  Capacity  Checks: 

(1)  Precycling  and  Shadow:  (Discharge  to  .75  volts  any 

cell  or  to  an  average  of  1.00  volts  per  cell,  whichever  occurs  first.) 


Precycling  (Figure  197) 
Shadow  1 (Figure  198) 
Shadow  2 (Figure  199) 
Shadow  3*  (Figure  200) 
Shadow  4*  (Figure  201) 


Cell 

Cell 

Cell 

1 

2 

3 

15.8 

18.8 

18.8 

.527 

1.007 

.976 

.992 

.995 

.938 

.982 

.998 

.967 

.918 

.999 

.987 

Cell 

Ceil 

ah 

4 

5 

out 

19.0 

18.9 

1.058 

.956 

19.28 

1.037 

.991 

18.90 

1.034 

1.019 

17.18 

1.033 

1.011 

12.41 

*— Load  sharing  during  shadow  and  site  experiment  simulation  prior  to 
and  following  shadow  period  4. 


ortcb^ 


05 


cr 
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(2)  Specials:  (Discharge  at  2.0  amperes  to  .75  volts 

any  cell  or  to  an  average  of  1.02  volts  per  cell,  whichever  occurs  first.) 


Special**cycle  639  (Figure  202) 
Special***cycle  773  (Figure  203) 
Special****cycle  863  (Figure  204) 


Ceil 

Cell 

Cell 

Cell 

Cell 

ah 

1 

2 

3 

4 

5 

out 

1.006 

1.021 

.974 

1.057 

1.034 

16.23 

.984 

1.016 

1.013 

1.054 

1.028 

14.16 

.925 

1.007 

1.004 

1.052 

1.018 

12.66 

**— Prior  to  shadow  4,  following  28  days  on  SITE  EXPERIMENT  SIMULATION. 


***--Fol lowing  shadow  4,  after  3 days  of  float  at  VL. 

****-- Fol lowing  special  capacity  check,  cycle  773  above,  after  45  davs 
on  SITE  EXPERIMENT  SIMULATION. 

d.  Test  results  during  Eclipse  Seasons:  (Figures  205  to  207) 

(1)  End  of  Discharge  Voltages:  Effect  of  the  reconditioning 

of  the  pack,  due  to  the  capacity  check,  can  be  seen  for  each  season. 

(2)  End  of  Charge  Currents:  Values  began  to  increase  at 
the  start  of  shadow  3 due  to  the  initiation  of  the  load  sharging  test. 

The  sudden  drop  in  current  (day  523)  was  due  to  the  pack  taken  off  the 
load  sharing,  for  that  day,  because  it  had  been  discharged  5 hours  to 
long  the  day  before. 

(3)  Pressures  at  End  of  Charge:  Pressure  values  remained 

at  0 psia  for  all  cells  during  the  first  3 shadow  periods;  but  there  is  a 
possibility  "hat  this  may  have  been  due  to  a hardware  problem  (loose  wire 
on  transducer  excitation  voltage).  Pressures  were  in  the  range  of  11  to 
15  psia  during  shadow  4. 

(4)  The  amperes  hours  out  values,  for  shadows  3 and  4,  do 
not  include  the  ampere  hours  out  during  the  load  sharing  discharges. 

(5)  The  days  listed  for  shadows  3 and  4 are  not  the  actual 
calendar  days  the  pack  has  been  on  test;  as  each  discharge  is  considered 

a day  for  record  keeping  purposes,  and  this  pack  receives  2 discharges 
a day  during  its  sun  period. 
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e.  Performance  during  Sun  Periods:  pa^k  S^d^begarTaSlte  Experiment  Simulation  in 

5 of  these  periods.  After  one  ^nth.  follov^ing  sha  w , he  PJ  ^ during  the  first  4 periods  were 

0 Hicrhamp^  a dav  durinq  the  sun  perio  . ^ jjeeti  11  to  15  psia  during  period 

« . / amn  c \ at  thp  <;tart  and 


5 of  these  periods.  HTter  une  nwnmi  - 

which  it  received  2 discharges  a day  during  the  sun n?nhi«n  Thp  ranae  has  Deen  11  to  u ysia  um  >*>a  »»'-■  ■ 

rSM4h11s  t.^e^ow  ceil  voltages  anu  currant  (a.ps)  at  tha  start  and 

end  of  sun  periods  1 through  5. 


Voltages* 

High 

Average 

Low 

Current 


1 

Start  End 

l7*TiT2,4,5)  1.414(5) 
1.410  1.411 

1.408(1)  1.410(1) 

.22  .33 


2 

Start  End 

17412(5)  1.412(5) 

1.410  1.410 

1.408(3)  1.408(3) 

.53  .53 


3 

Start  End 

174W5)  1.413(5) 

1.412  1.409 

1.411(1,3)  1.403(1) 

.58  .49 


4 

Start 
1741215) 
1.409 
1.407(1  ) 

.53 


End 

1.412(2,3, 

1.411 

1.409(1) 

.57 


Voltages* 

High 

Average 

Low 

Current 


5 


Start 

l7fnT3.4.5) 


1.410 

1.409(1,2) 

.65 


End 

1.410(2,5) 

1.409 

1.408(3) 

.57 


Note:  End  values  on  period  4 are  at  completion  of  Site  Experiment 


Simulation  cycle. 
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¥1.  Analysis  data  Is  contained  in  Tables  II  and  III. 
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TABLE  II 

Chemical  Analysis  Data 
(Analysis  performed  at  Crane) 


Pack 

Humber 

HAHF 

AH 

Cell 

Humber 

Serial 

Hurber 

Shadow 

Periods 

Completed 

Total  fieg* 
TOM  Per 
Extract  (avg) 

Total  Meq 
Per 

Extract  (ava) 

204B 

GE 

6 

2 

7-12 

12 

36.490 

101.069 

21 2A 

GE 

12 

5 

AB9-20 

11 

199.752 

86.218 

He<|  rOH  Meg  IC-CO3 

Per  Per  Total  Wet 

Separator  Separator  Volir*  (CC)  Height 

Patch**  Patch  Per  Patch  (9) 

0.47  0.69  1.47  .3807 

°-'5  0.79  2.56  .6359 


* ,s  the  abbreviation  of  mill ieguivalents. 

... 

overnight;  tr,  -Mr 


One  from  the  first  third  of  the  plate 


Dry 

Height 

la)*** 

.1841 

.3814 


Analysis 

Performed 

Crane 

Crane 


